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Our Planets 
At a Gfahce 

From our watery world we have gazed upon the 
cosmic ocean for untold thousands of years. The 
ancient astronomers observed points of light which 
appeared to wander among the stars. They called 
these objects planets, :which means wanderers, and 
named them after great mythological deities- 
Jupiter, king of the Roman gods; Mars, the Roman 
god of war; Mercury, messenger of-the .gods; Verius, 
the Roman god of love and beauty; and Saturn, 
father of Jupiter uid god of agriculture. 

Science flourished during the European Renais- 
sance. Fundamental physical laws governing 
planetary motion were discovered and the orbits 
of the planets around the Sun were calculated. In 
the 17th Century, astronomers pointed a new device 
called the telescope at the heavens and made 
startling new discoveries. 

NASA Planetary Exploration 



But the past 20 years have been the golden-age. 
of planetary expijoration. Advancements in rocketry 
during the 1950s enabled.mapkind's rhachines to 
break the*grip"o^ Earth's gravity ahd'trayei to the 
Moon and to other planets. .. .. 

American ex^editiohs have explored the Moon, 
our robot craft have landed op and reported from' 
the surfaces of Venus and Mars, our spacecraft 
have orbited and provided much information about 
Mars and Venus, and have 'made close range obser- 
vations whije flying past Mercury, Jupiter, Saturn 
and Uranus., * ^ ^ 

These voyagers brought a quantum leap in our 
knowledge and understanding of the solar system. 
Throug h. the electron ic sight and other ^'senses" of 
our automated probes, color and complexion 
haye been given to worlds that existed fobcenturies 
as fuzzy disks or indistinct points of light.. 

Future historians will likely view these pioneer- 
ing flights to the planets.as one of the most 
remarkable human achievements of the 20th 
Century. 



Spacecraft 


Mission 


Launch Date 


Arrival Date 


Status 


Manner 2 


Venus fly by 


8/14/62 


12/14/62 


Mission complete, craft In solar ortJit 


Mariner 4 


Mars f tyby 


11/28/64 


7/14/65 


Mission complete».craft In solarorblt. 


Mariner 5 


Venus flyby 


6/14/67 


10/19/67 


Mission complete, craft In solar orbit 


Mariner 6 


Mars flyby 


2/24/69 


7/31/69 


Mission complete.-craft in solar orbit. ' 


Manner 7 


Mars flyby 


3/27/69 


8/5/69 


Miss|on complete, craft Fn solar orbit 


Manner 9 


Study Mars 
from orbit 


_ 5/30/71 


11/16/7t 


Mission complete,1noperable remains in 
Mdrtlan orbit. 


Pioneer 10 


Jupiter flyby 


3/2/72 


12AJ/73 


Primary mission complete, craft* » 
continues tu return hellospherlc 

^ information enroute toward interstellar 
^ space: / 


Pioneer 11 


Jupiter/Saturn 
flybys 


.4/5/73 


12/2/74 (Jupiter) 


Primary mission complete, continues-tq. " 






9/1/79 (Saturn) 


return inforrnatlon enroute Toward 



Manner lo 

Viking 1 
Viking 2 
Voyage- 1 

Voyager 2 

Pioneer Venus 1 
pioneer Venus 2 



Venus/Mercury 
flybys 



Unmanned 
landing on Mars 

Unmanned 
landing on Mars 

Tour of Jupiter 



Tour of the 
outer planets. 



Orbital studies 
of Venus 



11/3/73 

8/20/75 

9/9/75 

9/5/77 

8/20/77 

5/20/78 
8/8/78 



2/5/74 (Venus) 
3/2b/74 (Mercury) 
9/21/7A (Mercury) 
3/16/75 (Mercury)., 

7/19/76 vn orbit) 
7/20/76 (lander 
touchdown)' 

8/7/76 (in orbit). 
9/3/76 Oa»Hier, 
touchdbWp) 

3/5/79 (Jupiter) 
11/12/30 (Satyr;!), 



7/9/79 (Jupiter) 
8/25/81 (Satorn) 
1/;24/86 (Uranus)^ 
1989 (Neptune) 

12/4/78 
12/9/78 



~ Mission complete, craft in solarorblt. ^ 



lyiission complete, craft remains on 
surface and in orbit*'*8pth lander and 
drbiter have ceased operation. 

Mission complete, craft remains on 
syrface and in orbit. Both lander and 
oroiter have ceased operation. 

Prtfnary mission complete; Craft 
continues to return heijospherlc ' 
Information anroute toward Interstellar 
space. 

Mission contmues. Craft has surveyed 
three of four planetary tl&rgeti. On way to 
Neptune. « t 



Ofbiter c Sntlnues to return ?mages * 
and data. 

Mission complete. Probes impacted 
on surfaca. 
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Interplanetary Spacecraft 

NASA's space probes to the planets have come in 
many shapes and sizes. While they are designed 
to fulfill sepaw'^.te and specific mission' objectives, 
the craft share much in common. 

Each space probe has consisted of various 
scientific instruments selected for the mission, 
supported by basic subsystems for electrical 
power, trajectory and orientation control, and for 
processing data and communicating witfi Earth. 

Electrical power is required to operate the 
spacecraft instruments and systems. NASA has 
used both solar energy from arrays of photovojtaic 
cells and small nuclear generators as power 
plants on its interplanetary probes. Rechargeable 
batteries are employed for backup and supple- 
mental power. 

Imagine that a craft has successfully journeyed 
millions of miles through space to fly only once 
neara planet, and its cameras and other sensing 
instruments are pointed the wrong way as it 
zooms past the target! To help prevent tbis from 
happening, a subsystem o^ small thrusters is used 
to control interplanetary spacecraft. The thrusters 
are linked with devices which maintain a fix on 
selected stars. Just as the Earth's early seafarers 
used the stars to navigate the oceans, spacecraft 
use stars to keep their bearings in space. With the 
subsystem locked. onto "fixed" points of reference, 
flight controllers can keep scientific instruments 
pointed at the target body and a spacecraft's 
-communications antennas pointed toward Earth. 

To ensure that a space probe encounters a 
planet at the planned distance and on the proper 
trajectory, another major subsysterh makes course 
corrections after the spacecraft is enroute. 

During the first decade of planetary flights, 
NASA spacecraft v^ere dispatched to scBn the 
other inner planets— Mercury, Venus^and Mars. 
These worlds, and our own, are known as the 
terrestrial pJanets because of their similarity to 
Earth's rocky .composition. 

For these early reconnaissance missions, NASA 
employed a highly successful series of spacecraft 
called fyjariners. Their flights helped shape the 
planning of later missions. Between 1962 and 
1973, seven Mariner missions were successful, 
three Mariner attempts— the first, third and 
eighth — failed 

All of the Mariner spacecraft used solar panels 
as their prijii^ry power source. The first and the 
final versions of the spacecraft had two wings 
^ covered with photovoltaic cells. Other Mariner 
' space probes were equipped with four solar 
panels extending from their octagonal bodies. 
Spacecraft in the serjes ranged from under 500 
pounds (Mariner 2 Venus probe) to more thai. 
2,000 pcnds (Mariner 9 orbiter). Their basic 




An Atlas Centaur rocket lifts away fronfi its Cape Canaveral 
launch pad carrying the Mariner 6 space probe. 




The Voyager 1 probe to the outer.planets awaits final launch 
preparations at Kennedy Space Center. 



design, however, remained quite similar through- 
out the program. The.Mariner-5 Venus probe, for 
example, had originally been a backup spacecraft 
^ for the Mariner 4 Mars'flyby, Jhe Mariner 10 
spacecraft sent to Venus and Mercury used com- 
ponents left over from the Mariner 9 Mars orbiter 
program 

In 1872, NASA opened the second decade of 
planetary exploration with the launch of a Jupiter 
probe. Interest v^as shifting to the outer-planets,, 
giant balls of dense gas quite different from the 
terrestrial worlds we had surveyed. 

Four spacecraft— two Pioneers and two 
Voyagers— were sent to tour the outer regions of 
our solar system. They will eventually become the 
first hum^n artifacts to travel to distant stars. 

Because they are traveling even .farther from the 
Sun, the outer planet probes operate on nuclear- 
generated electric power/ / 

While probing new territory beyond .the asteroid 
belt, NASA de/eloped highly specialized space 
craft to revisit our neighbors Mars and Venus. 
Twin Viking landers evolved from the lunar Sur- 
veyor program. The, Mars lat;ders Were equipped to 
serve as biology laboratories, seismic and 
weather stations. Two advanced orbiters— 
descendents of the Mariner craft— were sent to 
study Martian features from above. 

The Pioneer Venus orbiter, a drum-shaped 
spaceaaft, was equipped .with a radarlnstrument 
that "sees" through tlre plan^f s dense cloud 
cover to study surface features. A separate 
spacecraft called the Pioneer Venus multiprobe 
carried four instrumented probes which were 
dropped to the planet's surface. The probes, and 
the instrumented main body, radioed information 
about the planet's atmosphere before falling 
victim to its extremely high pressures and 
temperatures. 

Comparing the Planets 

Despite their efforts to peer across the vast dis- 
* tances of spree through an obscuring atmos- 
phere, scieni.sts of the past had only one planet 
they could, study closely, the Earth. But, the past 
20 years of planetary spaceflight have given new 
definitions tp "Earth" sciences like geology and 
meteorology 9nd spawned an entirely new dis- 
cipline called comparative planetology. 

By studying the geology of planets and moons, 
and comparing the.differenoes and similarities 
between them, we are learning more about the 
origin and history of these worlds and the solar 
system as a whole. 

Weather affects all of us on the Earth. In its 
extremes, weather can threaten life, and long term 



4 

ERIC 




The Moon-like surface of Mercury is revealed in this photo- 
graph taken by the approaching Mariner 10 spacecraft. 



Climatic changes on the Earth could^be cata- 
strophic. It is important to understand our com- 
plex weather machine. But other planets have 
weather too. By studying the weather on other, 
worlds and comparing it to our own, we may ^ > 
better understand our Earth, 

Geology and weather are just two major areas 
of science benefitting from our planetary space 
probes. .Someday perhaps, terrestrial biologists 
will get their chance to, compare, the dhly iifeforms 
we've ever known, Ihose on our Earth, to living 
creatures from another jA/orld. 



Mercury 

Obtaining the first closeup views of Mercury was 
the primary objective of the Mariner 10 space 
probe, launched from Kennedy Space Center in 
November 1973. After a journey of nearly five 
months, which included a flyby of/,\?enus,.the 
spacecraft passed v;ithin 805 kilometers (500 
miles) of the solar system's innernnost plahetxjn 
March 29, 1974. 

The photographs Mariner 10 radioed back to 
Earth revealed an ancient, heavily cratered surface 
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on Mercury, closely resembling our own Moon. 
The pictures also showed huge cliffs crisscrossing' 
the planet. These apparently were created when 
Mercury's Interioi cooled and shrank, compressing 
the planet's crust. The cliffs are as high as two 
kilometers (1.2 miles) and as long as 1500 
kilometers (932 miles). 

Instrume.nts onboard Mariner 10 discovered that 
the planet has a weak magnetic field and a trace 
of atmosphere— a trillionth the density of the 
Earth's and composed chiefly of argon, neon and 
helium. The spacecraft reported temperatures 
ranging from 510 degrees Celsius (S50 degrees 
Fahrenheit) on.Mercury's sunlit side to -210 
degrees Celsius (-346 degrees Fahrenheit) on the 
dark side. We;cury literally bakes in dayljght and 
freezes at night. 

The days and nights are long on Mercury. It 
takes 59 Earth days for Mercury to make a single 
rotation. It spins at a rate of about 10 kilometers 
(about 6 miles) per hour, measured at the equator, 
as compared to Earth's spin rate of about 1600 
kilometers (about 1,000 miles) per hour at. the 
equator. 

Mescury, like the Earth, appears to have a crust 
^ of light silicate i^ck. Scientists' believe it has a 
heavy iroa-rich core that makes up about half of 
its volume. 

Mariner 10 made two additional flybys of Mer- 
cury— on September 21, 1974 and March 16, 1975 
—before control gas used to orient the spacecraft 
was exhausted and the mission was concluded. 

Ur- ' the Mariner .10 probe, little was known 
about t '»ercury. Even the best telescopic views 
from Earth showed Mercury as an indistinct object 
lacking any surface detail. The planet is so close 
to the Sun that it is usually lost in the Sun's glare. 
' Whenit is visible on Earth'e horiz^on just after 
sunset or before.dawn, it is obscured by the haze 
and dust in our atmosphere. Only radar telescopes 
gave any hint of Mercury's surface conditions 
prior to the voyage of Mariner 10. 

Venus 

Veiled by dfense cloud cover, our nearest neighbor- 
ing planet^was ^he earliest subject of interplan- 
etary explorations. The Mariner 2 space probe, 
launched August 27, 1982, was the first of more 
than a dozen successful American and Soviet mis- 
sions to study the mysterious planet. As 
spacecraft zoomed by, plunged into the at- 
mosphere, and gently landed on Venus, romantic 
myths and speculations about our twin planet 
were laid- to rest. 

Mariner 2 passed within 34,762 kilometers 
(21^600 miles) of Venus on December 14, 1962, and 
became the first spacecraft to scan another 
planet. Its instruments made measurements of 
Venus for 42 minutes. Mariner 5, launched in June 
1967, flew much closer to the planet. Passing 
within 4,023 kilometers (2,500 miles) of Venus on 




An enhanced photo taken by the Pioneer Venus Orbiter shows 
the circulation of the dense Venusian atrnosphe/e. , 



the second U.S. flyby, its instrurrients measured 
the planet's magnetic field, ionosphere, radiation 
belts and temperatures. On~ifs way to Mercury, 
Mariner 10 flew by Venus and returned ultraviolet 
pictures chowing cloud circulation patterns in the 
Venusian -atmosphere. 

In the spring and summer of 1978, two space- 
craft were launched to unravel the mystery of 
Venus. On December 4, the Poneer Venus Orbiter 
became the first spacecraft placed in orbit around 
the planet. 

Five days later, the five separate components 
which had made up the second spacecraft— the 
Pioneer Venus Multiprobe— entered the Venusian 
atmosphere at different locations above the " , 
planet. Four independent. probes and a main body 
radioed data about the planet's atmosphere back 
to Earth' during their descent toward the surface. 

Venus more nearly resembles Earth in size, 
phi^sical composition, and density than any other 
known planet. However, spacecraft have dis- 
covered vast differences in how these planets 
have evolyed. . 

Approximately 97 percent of Venus' atmos- 
phere, about a hljndred limes as dense as Earth*,s, 
is carbon dioxide. The principal constituent of 
Earth's atmosphere is nitrogen. Venus' at- 
mosphere acts like a greenhouse, permitting solar 
radiation to reach the surface but trapping the 
heat which would ordinarily be radiated back into 
space. As a result, surface temperatures are 
482 degrees Celsius (SOO degrees Fahrenheit), 
hot enough to melt lead. 

Radar aboard the Pioneer Venus orbiter pro- 
vided a means of seeing through Venus' dense 
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The solar system^s only known casis 
of life, our pfattet Eaf^h, Is photo- 
graphed by the Apollo 17 aspire nauts. 



Apollo 15 Astronaut David Scott ex- 
plores the Junar surface about 16 
kilometers (ten miles) east from the 
base of the Apennine Mountains 
visible; in the background. 



cloud cover and determining surface featu;es over 
.oiuch of the planet. Among th^features deter-* 
mined are,tv;o continent-like highland areas. One, 
abput half4he size of Africa, is located in the 
equatorial region, the other, about tne size of 
Australia, is to the north. 

There is evidence of two major active volcanic 
areas, one larger than Earth's Hawaii-Midway 
volcanic chain (Earth's largest)— with a mountain 
higher than Everest (Earth's highest mountain). 
The concentration of lightning over these two 
regions suggests frequent volcanic activity at. both 
places. Discovery of active volcanism on Venus 
makes it the third solar system body known to be 
vojcanlcally active. The others are Earth and the 
Jovian satellite lo. 

Venus' predominant weather pattern is a high 
speed circulation of Venus' clouds which are 
made up of sulphuric acid, These speeds reach as 
high as 362 kilometers (225 miles) per hour. The 
circulation' is in the "sarne direction— east to west 
—as Venus' slow retrograde rotation. Earth's 
winds blow from west to east, the same. direction 
.as its rotation. 

NASA's Pioneer-Venus orbiter contintfes to cir- 
cle the planat. It is expected to send data about 
Venus to Earth for years to come. 



Earth 

From our journeys into space, we have learned 
much about our home planet— Earth. The first 
American satellite, Explorer 1, was launched from 
Cape Canaveral on January 31, 1958. It discovered 
an intense radiation zone, now called the Van 
Allen Radiation Region, surrounding Earth.^Since 
then, other research satellites have revealed that 
our planet's magnetic field is distorted into a tear- 
drop shape by the solar wind— the stream of 
charged particles continuously ejected from the 
Sun. We've learned that Earth's magnetic field 
does not fade off into space but has definfte 
boundaries. And we a5w know-that our wispy 
upper atmosphere, once believed calm and quies- 
cent, seethes with activity, swelling by day and 
contracting by night. It is affected by the changes 
In sqTar alclivify and cohfributes to wealRer and 
climate 'on Earth. 

Satellites positioned about 35,000 kilometers 
(22,000 miles) out in space play a major role every 
day in local weather forecasting, neir watchful 
electronic eyes warn us of dangerous storms. 
Continuous global monitoring provides a vast 
amount of useful data, as well as contributing to a 
better understanding of Eartfi's complex weather 
machine. 

From their unique vantage point in space, 
spacecraft can survey the Earth's resources^and 
monitor the planet's health. 

As viewed from space, Earth's distinguishing 
characteristics are its blue waters and white 
clouds. Enveloped by an ocean of air consisting of 



/percent nitrogen and*21 percent oxygen, the 
planet Ts the only one in our solar system known 
to harbor lir^e^ircling the Sun at an average 
.distance of 14a million kilometers (93 million 
miles). Earth is the thfrd planet from the Sun and 
the fifth largest in the solar system. 

Its rapid spin and molten nickel-ifon core give 
rise to an extensive magnetic field, which, coupled 
with the atnriqsphere, shields u^ from nearly all of 
the harmful radiation coming from the Sun and 
other stars. Most meteors burn up in Earth's at- 
mosphere before they can strike the surface. The 
planet's active geological^processes have. left no 
evidence of the ancient pelting it almost certainly 
received soon after it formed. - 

The Earth has a single natural satellite— the 
Moon. 



Moon 

The first human footsteps upon an alien worid 
were made by American astronauts on the dusty 
surface of our airless, lifeless companion. Before 
the manned Apollo expeditions, the Moon was ' 
studied by the unmanned Ranger, Surveyor, and 
Lunar Orbiter spacecraft. 

The Apollo program left us a large legacy of 
lunar materials and data. Six, two-man crews 
landed on and explored the lunar surface 
between 1969 and 1972. They returned a collection 
of rocks and soil weighing 382 kilograms 
(842 pounds) and consisting of more than 2,000 
separate samples. 

From this material and other studies, scientists 
have constructed a-history of the Moon dating 
back to its infancy. Rocks collected from the lunar 
highlands date about 4.0 to. 4.3 billion years old. 
It's believed that the solar system formed about 
4.6 billion years ago. The first few milljon years of 
the Moon's existence were so violent that few 
traces of this period remain. As a molten outer 
layer gradually cooled. and^a solidified into differ- 
ent kinds of rock, the Moo.i was bombarded by 
huge asteroids and smaller objects. Some of the 
asteroids were tho size of small states, like Rhode 
Island or Delaware, and their collisions with the 
Moon created huge basins hundreds of kilometers 
across. 

The catastrophic bombardment died away about 
4 billion years ago, leaving the /unar highlands 
covered with huge overlapping craters and a deep 
layer of shattered and broken rock. Heat. produced 
by the decay of radioactive elements began to 
melt the inside of the Moon at depths of about 
200 kilometers (124 miles) below its surface. Then, 
from about 3.8 to 3.1 billion yearS ago, great 
floods of lava rose from inside the Moon and 




Hurricanes and typhoons on Earth are powered by differences in atmospheric temperatures and density. We Know that similar 
tweather conditions occur on Mars and Jupiter Compare the sprawling Pac/.c storm vtop) photographed by the Apollo 9 astronauts 
with a Martiar^ cyclone (lower left) and Jupiter's Great,Red Spot (lower nghi;. The Martian cyclone is about 250 Kilometers (155 miles) 
in diameter The Great Red Spot on Jupiter .s a hurricane like feature which has raged for centuries. This single Jovian storm system 
is several times larger than the Earth. 




?ck Frost lives on Mars too Light patches of frost on the Plains of Utopia labove) were observed during the Martian winter. The ViK- 
jng fanders became our first weather stations on another planet and scientists on Earth conlmue to gel weeKly updates from the ViK- 
ing 1 site Had Viking V% first weather report been aired on the 6 p.m. news. i\ would have gone somethmg liKe this. Light winds from 
t^e east in the late afternoon, changing to light winds from the southeast after midnjght. Maximum winds were 15 miles per hour. 
Temperatures ranged frorr minus 122 degrees Fahrenheit just after dawn to mmus 22 degrees m midaflernoon. Atmospheric pressure 
» 70 milibars " (On Earth that same day. the lowest recorded temperature was mmus 100 degrees Fahrenheit at the Soviet VostoK 
Research Station in the Antarctic) 
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Mercury 


Venus 


Earth 


Mars 


Jupiter 


Saturn 


Uranus 


Neptune 


Pluto 


Mean'Oistaoce From Sun 
(Million of KiTometeri) 


57 9 


108 2 


. 149 6 


227 9 


778.3 


1.427 


2.870 


4.497 


5.900 


Period of Revolution 


88 days 


224.7 days 


J65 days 


687 days 


1 1 .86 years 


f 

29,46 ye<irs 


84 years 


165 years 


.248 years 


Rotation Penod 


59 days 


243 day) 
RtMrograde 


23 hours 
56 minutes 


24 hours 
37 minutes 


9 hours 
55 minutes 


10 hours 
40 minutes 


17.2 hours 
Retrograde 


18 hours 
30 mm (>) 


6 days 9 hours 
18 minutes 
Retrograde 


Inclination of Axis 


Near 0^ 


3° 


23°27' 


25°12- 


3°5' 


26°44' 


97°55' 


28°48' 


? 


Inclination of Orbit ic 
Ecliptic 


7^ 


3 4° 


0° 


19° 


1,3° 


2.5° 


0.8° 


1.8^ 


17.2° 


Eccentricity <** Orbit 


206 


00' 


017 


093 


048 


056 


047 


.009 


.254 


Equatorial Diameter 
(KttometcrsI 


4.880 


12J00 


12.756 


6.794 


1 43,200 


120.000 


51.800 


i 49.5001?) 


3.000 (?) 


Atmosphere 

(Mam Components) 


ViftuaMy 
None 


Carbon 
Dioxtde 


Nitrogen 
Oxygen 


Carbon 
Dtoxide 


Hydrogen 
Helium 


Hydrogen 
Hetium 


Hetium 

Hydrogen 

Methane 


Hydrogen 

Helium 

Methane 


None 
Detected 


Satellites 
Rinm 


0 
0 


0 
0 


1 

0 


2 
0 


16 
1 


21 

1.0001?) 


15 

11 (7) 


2 
? 


1 

7 




Ldcge MariiaD channels (lellj start near the yolcanOLEIySiuni Mons and wind their way to the northwest (or several hundred kilometers 
Trieir origin is controversial. Did they form from lava flows oi water released from the melting of ground ice during volcanic eruptions? 
Compare the Martian channels with the Skylab photograph of the Rio de la Plata river In Uruguay (right). 
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Impact craters are formed when a planetary surface is struck 
by a meteorite. Mercury, our Moon, and many of the icy. rocky 
satellites of the outer solar system are characterized by heavi* 
ly cratered surfaces On Earth, geological processes tend to 
destroy evidence of ancient crater impacts, although some 
more recent craters remain discernable Compare the lunar 
Cfaters (top) with craters on Mars (bottom) 
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Volcanoes are vents In a planet's crust that permit the escape 
of internal heat« The geologically active Earth has hundicds of 
volcanoes like this one in New Zealar d (top). Compare it to 
one of the large shield-type volcanoes on Mars (center). It was 
a surprise to scientists that Jupiter's moon lo is volcanically 
active (bottom). Voyager 1 photographed-a volcanic plume 
(visible above the limDof lo) about 11 hours before its closest 
approach Researchers believe tidal forces resuUing from 
Jupiter's massive size are responsible for the interna! heating 
of lo The active .olcanoes on lo are the only ones known 
in the solar system other than Earth's. In addition to Mars, 
evidence of volcanic activity in the past has been found on 
the Moon. Mercury and Vonus 
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A Mndsf.dpe is Seen by the ViKing \ zander after «ts toucndOAH on Mars. Pa.ls of the spacecraft are visible m the 

fofHOfvund Th!<; a portion of the first panoramic view returned to Earth by the robot sparecrafl 



poured out over »tb surface, filling in the large im 
pact basins to fornn the dark parts of the Moon - 
udlled mdrid . .t^ds Explorations sho\^ that thert 
has boon no significant volcanic activity on the 
Moon for more than 3 bilhon years and. since 
then, thu lunar surface has bet n aitt red only by 
the rd.e impdcts of large meteorites and by the 
atomic particles from the Sun and stars 

If uuf dstronautb had landed on the Muon a 
. ..iion years ago. it i/^ould have looked very nauch 
as It does today, and thousands of years from 
nowv the too(^:eps left by the Apollo crews vviii re 
mam sharp and clear 

One qu' slion dbuut the Muun thdl remdins un 
Solved »b }ere did it cume fr jnn'^ Three theofie;> 
attempt t -kplam its existen..^. thdt it formeJ 
ntidr the !h as a beparate body, that it sepa 
tateO from thu Earth, or that it formed somewhert 
tibC and AdS cdptured by the Eartn The notion 
that the Moon mav have once been part of the 
Earth no/; appears less likely than the other Sug 
gestions because of the difference betv,(een the 
U\o bodies m chemical composition, such as the 
absence of /.ater t'lther free or chemically com 
bm^d m rocks The other t/^o theories are about 
evenly aiatched in strengths and /^eaKnesbes The 
ongm of the Muun remains a mystery 



Mars 

Of alt the planetb. Mars has long been ^..onsidefed 
the Solar svstemb prime candidate for harbonng 
extraterrestrial life Astronomers observing the red 
planet Ihrotgh te 3&copes Sdvv .vhat appeared to 
be straight nnes cnsscrossmg its surface These 
obsen/ations— later determined to be optical 
illusions—led to the popular notion that intelligent 
beings had constructed a system of irrigation 
^ canals on the planet In 1938. when Orson Welles 
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broadcast a radio drama based on the science fio 
tion 'Classic War of the Worlds, enough people 
believed m the tale of mvading Martians to cause a 
near panic. 

Another reason for bCienti .s to expect life on 
Mars arose from apparent seasonal cobr changes 
on the planet s surface. That led to speculation 
that conditions m.ght support a hloom of Martian 
vegetation during the warmer months and cause 
plant life to become dormant during colder 
periods. 

In August and September 1975, tv;o Viking 
spacecraft— eajh consisting of an orbiter and a 
lander— were launched from Kennedy Space 
Center. Florida on a mission designed to ansv/er 
several questions, including, is there life on Mars? 
Nobody expected the spacecraft to spot Martian 
Cities but it was hopeu the oiology experiments on 
board the landers would at least find evidence of 
primitive life, past or present. 

The results sent back by the two unmanned 
idboratones. vvhich soft-landed on the planet, 
w^ere toasingly inconclusive. We still don t know 
whether life exists on Mars. Small samHes of the 
red Martian soil v.^ere specially treated m three 
different expenments designed lo detect biolog- 
ical processes While some of the tests indicated 
biological activities v/ere occurnng. the same 
'results could oe explained by the planet's soil 
chemistry There was a notable absence of 
evidence that organic molecules exist on Mars, 

Despite the inconclusive results of ih^ biobgy 
eApenments, we know more about Mars than any 
other planet except Earth Six U.S. missions to t^. 
red planet have been earned out. Four Manner 
spdcecrdft --three which flew by the planet and 
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one which was placed into Martian orbit- 
surveyed the planet extensively before the Viking 
rhissions. 

Mariner 4, launched in late 1964, flew past the 
planet dh July 14, 1965. It approached to within 
9,656 kilometers (6,000 miles) of the surface. 
Returning 22 close-up pictures of Mars, it found 
no evidence of artificial canals or flowing water. 
Mariners 6 and 7 followed during the summer of 
1969, returning about. 200 pictures showing a 
diversity of surface conditions during their flybys. 
Earlier atn[iospheric data were confirmed and 
refined. Ofi May 30, 1971, Mariner 9 was launched 
on a mission to study the Martian surface irom 
orbit for nearly a year. It arrived five and a half 
n.,nths after liftoff, only to find Mars in the midst 
of a ptanet-wide dust stornn which m^de surface 
ohoiography impossible for several weeks. But 
;^ter the storm cleared, Mariner 9 began return- 
ing the first of 7,Q(X) pictures which revealed 
previously unknown Martian features, including ^ 
evidence that rivers, and possibly seas, could 
have once existed on the planet. The Mariner mis- 
sions to Mars were followed up with the Viking 
Project— the first American soft landing on the 
«'jrface of another planet, excluding our own 
Mooh^, \ 

All four^pacecr'aft, two orbiters and two landers, 
exceed§^ by large marginslhefr design lifetime of 
90 days. The four spacecraft were launched in 1975 
and began Mars operation in 1976,. The first to fail 
was Orbiter 2 which stopped operating in July 24, 
1978 when its a^ttitude control gas was depleted 
because of a leak. Lander 2 operated until April 12, 
1980 yvhen it was shut down due to battery 
degeneration. Orbiter 1 operated until August 7, 
1980, when itioo used the last of its attitude con- 
trol gas. Lander 1 ceased operating on November 
13,1983 

Photos sent from the Plain of Chryse— where 
Viking 1 landed on July 20, 1976— shov/ a bleak, 
rusty red landscape. A panorama returned by 
the robot explorer pictures a gently rolling plain, 
littered with rocks and graced by^rippled sand 
dunes. Fine red dust from the Martian soil gives 
the sky a pinkish hue. Viking 2 landed on the Plain 
of Utopia, arriving several weeks after its twin. The 
landscape it viewed is more rolling than that .seen 
by Viking 1, and there are no dunes visible. 

Both Viking landers became weather stations, 
recording wind velocity and direction, temperatures 
and atmosphel'ic pressure. ' 




The four largest Martian volcanoes stand out as distinctive * 
dark circular features in this photograph taken from a distarice 
ofSyS.OOO kilometers (350.C00 miles) by \he approaching 
Viking 1 spacecraft. 



As days became weeks, the Martian Weather 
changed little. The highest atmospheric tempera- 
ture recorded by either lander was -21 degrees 
Centigrade (-17 decrees Fahrenheit) at th-^ Vikin'g 
1 site in midsummer. 

The lowest temperature,- 124 degrees Celsius 
(-191 degrees Fahrenheit), was recorded at the 
moie northerly Viking 2 site during winter. Wind 
speeds near hurricane force were measured at the 
two Martian weather stations during global dust 
storms. Viking-2 photographed light patches of 
frost— probably water ice-^during its second 
wiriter on the planet. 

The Martian atmosphere, like-that of Venus, is 
primarily carbon dioxide. Present In small percent- 
ages are nitrogen, oxygen and afgon, with usee - 
amounts of krypton and xenon. Martian air con- 
tains only about 1/1000 as much water as Earth's 
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but even this smalj amount can condense out and 
form clouds which ride high in the atmosphere, or 
swirl around the slopes of towering Martian vol- 
canoes. Local patches of eariy morning fog can 
form in valleys. 

There is evidence that in the past, a denser Mar- 
tian atmosphere may have allowed water to flow on 
the planet. Physical features closely, resembling 
shorelines, gorges, riverbeds and islands suggest 
that great rivers once existed on the planet. 

Mars has two small, irregulariy shaped moons, 
Phobc3 and Deimos, with ancient, cratered 
surfaces. 



Jupiter 

Outward from Mars and beyond the Asteroid Belt 
lie the giants of our solar system. 

In March 1972, NASA dispatched the first of 
four space probes to survey the colossal worlds of 
gas and their moons of rock and ice. For each 
probe, Jupiter was the first port of call.. 

Pioneer 10, which lifted off from Kennedy Space 
Center March 2, 1972, was the first spacecraft to 
penetrate the Asteroid Belt and travel to the outer 
regions of the solar system. In December 1973, it 
returned the first closeup pictures of Jupiter as it 
flew witriin132,252kilpmeters{81,16^.miles) of the . 
planet's banded cloudtops. Pioneer 11 followed a 
year later. Voyagers 1 and 2 were launched in the 
summer of 1977 and returned spectacular photo- 
graphs^of Jupiter and its 16 satellites during-flybys 
in 1979. 

During their visits these exploring spacecraft 
found Jupiter lo oe a whiriing ball of liquid hydro- 
gen, topped with a uniquely colorful atmosphere 
which is mostly hydrogen and helium. It contains 
small amounts of methane, amr? osua, ethane^ 
acetylene, phosphene, gennanium tetrahydride 
and possibly hydrogen cyanide. Jupiter's clouds 
also contain ammonia and water crystals. Scien- 
tists believe it likely that between the planet's 
frigid cloud tops and the wanner hydrogen ocean 
that lies below, there are regions where methane, 
ammonia, water and other gases could react to 
form organic molecules. Because of Jupiter's 
atrno.spheric dyriamics, however, these organic 
compounds, if they exist, are probably short lived. 

The Great Red Spot has been observed for 
centuries through Earth-based-telescopes. It is a 
tremendous atmospheric stonn, similar to Earth's 
hurricanes, which rotates counterclockwise. 

Our space probes detected lightning in Jupiter's 
upper atmosphere and observed auroral emissions 




Jupiter Ic^-r^s aheacJ o! the Voyager 1 spacecraft. The Great 
Red Spoi visible at the lower Ssft. Slightly above the feature, 
and to the rlght^ls the vclcanlcally active? rnoon lo. 



similar to Earth's northern lights in the Jovian 
polar regions. 

Voyager 1 returned the first evidence of a ring 
encircling Jupiter. Photographs returned by the 
spacecraft and its companion Voyager 2 showed a 
narrow ring too faint to be seen by Earth's tele- 
scopes. 

Largest of the solar system's planets, Jupiter 
rotates at a dizzying pace—once every 9 hours, 55 
minutes and 30 seconds. It takes the massive 
planet almost 12 Earth yearis to compjetet a jour- 
ney around the Sun. The planet is something of a 
mini solar system, with 16 knov;n moons orbiting 
above its clouds. 

A new mission to Jupiter-— the Galileo Project- 
is being readied for the late i980s. An atmos- 
pheric probe v;ill descend into Jupiter's cloud 
layers while another spacecraft orbits the planet. 
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Galilean Satellites 

in 1610, Galileo Galilei aimed his telescope at 
Jupiter and spotted four points of light orbiting 
the planet. , or the first time, humans had seen 
the moons of another planet The four worlds 
would become known as Galilean satellites, in 
honor of their discoverer. But Galileo might hap- 
pily have traded his moment in history for a look 
at the dazzling photographs returned by the Voy- 
ager spacecraft as they flew past Jupiter's four 
planet-sized satellites. 

One of the most remarkable findings of the 
Voyager mission was the discovery of active vol- 
canoes on the Galilean moon lo. It was the first 
time volcanic eruptions were observed on a world 
other than Earth. The Voyager cameras identified 
at least eight active volcanoes on the, moon. 
Plumes extended as' far as 250 kjlometers (155 
milasj above the moon's surface! The satellite's 
pizza-colored surface, rich in hues of oranges and 
yellow, is probably the result of sulphur-rich 
materials which have been brought to the surface 
by volcanic activity. 

Europa, approximately the same size a^ our 
Moon, is the brightest Galilean satellite. Its 
surface displays a complex afray of streaks. that 
indicate the crust has been fractured. 

Like Europa, the other two Galilean moons- 
Ganymede and Callisto— are frozen worlds of ice 
and rock. Ganymede is the largest satellite in the 
SQlar system— larger than the planet Merc^ury. It is 
composed of about 50 percent water or ice and 
the rest rock. Callisto, only slightly smaller than 
Ganymede, has the lowest density of any Galilean 
satellite, implying that it has large amounts of 
water in its composition. More detailed studies of 
the Galilean satellites will be performed by the 
next orbiting spacecraft scheduled to be sent to 
Jupiter. 




Saturn 

No planet in the solar system is adorned like 
Saturn. Its exquisite ring system is unrivalled. Like 
Jupiter, Saturn is composed mostly of hydrogen. 
But in contrast to the vivid colors and wild tur- 
bulence found in Jupiter's clouds, Saturn has a 
more subtle, butterscotch hue and its markings 
are often muted by high altitude haze. 

Three American spacecraft have visited Saturr^. 
Pioneer 11 zipped by the planet and its moon 
Titan in 1979, returning the first cicseup pictures. 
Voyager follov/ed in November 1980, se.nding 
back breathtaking photographs that revealed for 
the first time the complexities of Saturn's ring 
system and moons. Voyager 2 flew by the planet 
and its moons in August 1981. 

The spacecraft discovered that there are 
actually thousands of ringlets encircling Saturn. 

Saturn's rings are composed of countless low- 
density particles o'^biting individually around the 
equator at progre:>Dive distances from the planet's 
cloud tops. Analysis of radio waves passing 
through the rings showed that the particles vary 
widely in size, ranging from dust to boulders. Most 
of the material is ice and frosted rock. 

Scientists believe the rings resulted, either from 
21 moon pr a passing body which ventured too 
close to Saturn and was torn apart by great tidal 
forces, or the inconniete coalescence of primor- 
dial planetary mate..al, or from collisions with 
larger objects orbitinj ihe planet. 

Unable either to form irjto a moon or to drift 
away from each other, individual ring particles 
appear to be held in place by the gravitational 
pulls of Saturn and its satellites. 

Radio emissions quite similar to the static 
heard on an AM car radio during an electrical 
storm were detected by the Voyager spacecraft. 
These emissions are typical of lightning but are 
believed to be coming from the planet's.ring 
system rather than its atmosphere. No lightning 
was observed in Saturn's atmosphere. But as they 
had at Jupiter, the Voyager spacecraft saw a ver- 
sion of Earth's northern and southern lights near 
Saturn's poles. 

The probes also studied Saturn's moons,, 
detected undiscovered moons, found soma that 
share the same orbit, and d.^termined that Titan 
has a nitrogen-based atmosphere. 

A large constituent of Titan's atmosphere is 
methane. The surface temperature of Titan ap- 
pears. to be around Jhe "triple" point of methane, 
meaning methane may be present on Titan in all 
three states, nquid, gaseous, and solid (ice). 
Methane, therefore, may play the same role on 
Titan that water plays on Earth. 

Although the spacecraft's cameras could not 
peei through the dense haze that obscures the 
surface of Titan, measurements indicate Titan 
may be a place where rain or sn jw falls from , 
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Voyager 2 photographs of the Saturn ring system during Its 
August 1981 approach. The shadow of the planet's exquisite 
ring system can be clearly seen in the .equatorial region. 



methane clouds and rivers of methane cut 
.through methane glaciers. 

Continuing photochemistry due to solar radia- 
tion may be converting Titan'o methane to ethane,, 
acetylene, ethylene, and, in combination with 
nitrogen, hydrogen cyanide. The latter is a building 
block to amino acids. Titan's temperature is 
believed to be too low to permit progress beyond 
this stage of organic chemistry. However, this con- 
dition may be similar to that which occurred in the" 
atmosphere of the primeval Earth between three 
and four billion years ago. 
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Uranus and Neptune 

Four and a half years after visiting Saturn, the 
Voyager 2 spacecraft completed the first close-up 
observation of the Uranian system. The six-Kour 
flyby revealed more information about Uranus and 
its retinue of icy moons than had been gleaned 
from ground observations since its discovery over 
two centuries ago by the English astrpnomer William 
Hersche!. 

Ursnus, third largest of the planets, is the odd: 
ball of the solar systeni. UnliJce the other planets, 
it lies tipped on its side with its north and south 
poles alternately facing the sun during its 84-year 
swing around the solar system. During Voyager's 
flyby, the south pole faced the sun. 

Voyager found that the planet's magnetic field 
does hot fpllow th^ usual north-south axis found on 
the other planets. Instead, it is tilted 60 degrees, and 
offset from the planet's center, a phenomenon that 
on Earth would.be like having one rnagnetic pole 
in New York and the other in Jakarta. 

Uranus's atmosphere consists mainly of hydro- 
gen, with ab ut 12 percent helium and small 
amounts of ammonia, methane and water vapor. 
~ Wind speeds range up tc 200 meters per second 
(447 mph), and blow from the west instead of the 
east as previously expected. Temperatures near the 
clou dtops measure —200 degrees C. (—329 uegrtes 
F.) ^ 

The sunlit south pole is shrouded in » kind of 
photo chemical "smog" believed to be a combi 
nation of acetylene, ethane and other sunlight 
generated chemicals. Surrounding the planet's 
atmosphere and extending thousands of kilometers 
into space is a mysterious ultraviolet sheen called an 
"eleotroglow." 

About 8,000.krlometers (5,000 miles)^be!ow , > 
Uranus's, oJoudtops there is thought to b*? a scalding 
ocean of water and dissolved amrhonia some 10,000 , 
kilometers (6,000 miles) deep. Beneath this ocean 
is an earth-sized molten core of hepvier materials. 

Voyager discovered 10 new moons orbiting 
Uranus,,each about 40-170 kilometers (24 i02 
miles) in diameter. The planet's five |<nown 
moo.is -T Titania, Ariel, Miranda, Umbriei and 
Oberon — range in size from 480-1600. kilometers 
(300-1000 miles) across. The half-ice, half-rock 
spheres are a geological showcase, featuring twelve 
mile-high mountains, jagged cliffs and canyons, 
crater pocked plains and winding valleys posbibly 
can/ed out by glaciers. 

The planet was thought to have nine darK rings. 
Voyager found eleven. In contrast to Saturn's 
rings, which are composed of bright. grain sized 
particles, Uranus's rings are made up of boulder 
sized chunks. 



Voyager 2 will complete its Grand Tour of the 
solar system on August 25, 1989, when it sweeps to 
within about1,2&U kilometer^ (800 miles) of 
Neptune. The planethas two known moons, Nerejd 
and Triton. The latter will be obsen/ed and photo- 
graphed during the flyby. Neptune is the fourth 
largest of thd planets and is believd to be a twin of 
Uranus. 




Uranus as seen by Voyager wide-angle camera. 
The images, taken [tihrough violet, ^rang^ and 
mediane filters, show ^tiie- copcen trie patt^rnsj 
of the planet's cloud layers. The view is toward 
the couth pole. . ; 




The scarred face of Miranda, the smallest of 
Uranus's five major moons, indicates a violent 
past. 



Pluto 

Pluto is the most distant of the planets, yet the 
eccentricity of its orbit periodically carries it inside 
that of Neptune's. The orbit also is highly inclined 
- wel! above and below the orbital filane of the 
other planets. 

Discovered in 1930, Pluto appears to be little 
more than a celestial snowball. Its diameter is ^ 
calculated^to be between 3,000 and 3,500 kilo 
meters (1,864 and 2,175 miles), about the same as 
Earth's mopn. Ground-based observations Indicate 
that its surface is covered with methane ice. 

The p!anet has one known satellite, Charon, 
discovered in 1978. There are no plans tp send a 
probe to Pluto. 
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Space Shuttle Mission Summary 
1985-1986 

StS Missions 51-C thru 51-L 




Astronaut Sherwood Springs, working from a p/atform on the end of the Remote Manipulator System Canadarmrhelps erect the 
EASE-ACCESS experiment, on the dep/oy.vent of large structures in space. Such experiments are vital to planners preparing the 
assembly of the Space Station in the early 199(k. 



Space Shuttle Missions in Brief 1 985-1 986 



MISSION 
NAME 


ASTRONAUT 


LAUNCH 
DATE 


^ ORBlJER 


PRIMARY 
PAYLOAb 


' LAUNCH 
PAD 


RESULT 


STS 51 C 


Mattingiy, Siiriver, Buciili, Onizuio, Payton 


1/24/85 


Discovery 


DoD 


39A 


S 


STS 5Vp 


Bobico, Wiliiams, Seddon,. Griggs, Hoffman, Garn, 
Wail<er 




uiscuvorv 


Anik \jr\i 
SYNCOM IV-3 


oUA 


s 


STS 5J-B 


Overmeyer, Gregory, Lind, Tiiagard, Tiiornton, 
van den Berg,,Wang. 


s 4/29/85 


Challenger 


Spaceiab 3 


39A 


s 


STS 51 -G 


Brandenstein, Crelghton, Lucid, Nagei, Fabian, 
Baudry, Siiitan Al<Saud 


6/1 7/85 


Discovery 


Amhc^t.l R / 

^1 dV/^Kll* 1 Of 

Telstar 3*0/ 
Morel OS 1 




e 
o 


STS 51-F 


Fuilerton, Bridges, Musgrave, England, Henize, 
Acton, Bartoe ' 


^ 7/29/85 


Challenger 


Spaceiab 2 


39A- 


s 


STS 5M 


Engle, Covey, Van Hoften, Lotinge, Fislier, 


8/27/85 


Discovery 


" AUSSAT 1/ 
ASCI/ 

SYNCOM IV-4 




o 


STS.51-J 


Bobico, Grabe, Stewart, IHilmers, Palles 


10/3/85 


Atlantis 


DoD 


39 A 


S 


STS 61-A 


Hartsf ield, Nagei, Buciili, Bluford, Dunbar, Furrer, 
Ockels, Messerschmid 


10/30/85 


Challenger 


Spaceiab D-1 


39A 


s 


STS61B 


Siiaw, O'Connor, Cleave, Spring, Ross, Vela, Walker 


11/26/85 


Atlantis 


Morel os-2/ 
AUSSAT-2/ 
RCA Satcom Ku-2 


39A 


s 


STS 61-C 


Gibson, Bolden, Chang«Diaz, Havyley, Nelson,. 
Cenker, Nelson 


1/12/86 


Colunibia 


RCA Satcoo^ |<u-l 


39A 


s 


STS 51-1 


' Scobee, Smith, McNaIr, Resnik Onizuka, Jarvis, 
McAuliffe 


. 1/28/86 


Challenger 


TDRS-B 


39B 


u 



STS 51 'C Mission 



This was the first Space Shuttle mission totally dedi- 
cated to the Department of Defense. Its cargo was classified. 
Liftoff occurred on Jan. 24, 1985, at 2:40 p.m. EST, from Pad 
A at the Kennedy Space Center, me orbiter was Discovery. In 
addition to its payload the orbiter cargo bay carried an 
Inertial Upper 'Stapa (lUS) booster that was deployed and 
successfully met iu mission objectives, according to an official 
Air Force statement. The mission was completed in 3 days, 
one hour, and 33 rhinutes, landing at the Kennedy Space 
Center. The wheels stopped rolling at 4;23 p.m. on Jan. 27. 

Crew. The crew members were Thonas C. Mattingly, com- 
mander. Loren J. Shriver, pilot; James t'. Buchll and Ellison S. 
Onizuka, mission specialists; and Gary E. Payton of the U.S. 
Air Force, payload specialist. 



STS 51 -D Mission 



The Orbiter Discovery lifted off from Pad A, Launch 
Complex 39, KSC, at 8:59 a.m. EST on April 12, 1985. This 
flight "was a composite mission, carrying part of its original 
manifest and part of that from mission 51-E, which had been 
canceled. The crew was entirely from the canceled mission 
oxcept for one of the two payload specialists, Charles Walker, 
who substituted for Patrick Baudry becaus6.the latterS flight 
exporirrients were fio longer on the manifest. This mission also 
featured, the fir^ ,light of an elected official, Senatd; E.J. 
"Jake" Garn 4-Utah), chairman of the Senate .committee 
with oversight responsibilities for NASA's budget. 



The Af)ik C-1 spacecraft, was succeS?ully deployed.a few 
hours into the mission. Its PAM-D booster stage.autqmatically 
fired 45 minutes later and lifted 1t into the planiied elliptical 
geosynchronous; transfer orbit. The Hughes SYNCOM W-3 
spacecraft, also called Leasat 3, was deployed on the second 
day in a routine operation. However, the booster stage, did not 
fire as programmed, the orbiter returned to the vicinity and 
the crew examined the spacecraft: It; was, determined thal the 
'sequence start' lever, which should have been autofnatically 
opened during the deployment sequence, was appaJjently 
not fully erected. .After consultation w^th Hughes, Mission 
Control in Houston directed the astronauts in the design of 
two 'flyswatter' devides capable of snaggilig and tugging on 
this lever. These ^were attached to the end of the Remote 
Manipulator System (RMS, or 'Canadarm') during an EVA by 
Griggs and Hoffman* The mission was extended two days to 
permit this try at activating the satellite. Seddon manipulated 
the .Canadarm to hook the lever and'tug hard on it, but this 
had no affect on the spacecraft. It vvas eventually repaired on 
a later mission (see Mission 51-1, followingMQrbiter Discovery 
landed' at KSC on April 19. Jhe wheels stc '>ped rojiing a% 
8:55 a.m. EST^/after a mission duration of 6 days, 23 hours*,, 
and 55 minutes. A tire blew out just before the end of the 
rollout, causing all following landings to be at Edvyards AFB 
until the inactive nose wheel steering system could be acti-^ 
Vated and tested. 

Crew. The crew members were. Karol J. Bobko, commander; 
Donald E. Williams, pilot; M. Rhea Seddon, S. David Grigg$, 
and Jeffrey A. Hoffman, mission specfalists; and Charles 
Walker, McDonnell Douglas, ^and E. J. "Jake" Garn, United 
States Senate, payload specialists. * - 

Payload and Experiments. The Ariik C-1 was the third space- 
craft in this series, C-2 and C-3 having been launched, on pre- 
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,vlous STS missions. They are built by Hughes as part of its 
HS 376 series. Telesat of Canada assumed charge of its space- 
craft after deployment, and later. fired the onboard apogee 
motor to place it m geosynchronous orbit. SYNCOM IV-3 
IS also a Hughes spacecraft, the first specifically made to be 
deployed from a Space Shuttle orbiter. SYNCOiJ. IV space- 
craft are part of the Hughes HS 381 series. Each comes with its 
own built-in bopster stage, identical to the third stage booster 
on the Mmuteman missile, and two engines that burn mono- 
dimethyl hydrazine and nitrogen tetroxide. Both propulsion 
systems are -required to place a SYNCOM IV in gebsynchrc 
nous orbit. This series provides communications for the 
Departn\ent of Defense, under a contract granted to Hughes. 

Other experiments included the second flight of the 
larger Continuous Flow Electrophoresis Experiment, success* 
fully operated by Walker; an informal science study of the 
behavior of mechanical toys in microgravity; two Shuttle 
Student Tnvolvement Project (SSIP) experiments, of which 
one vyas successful and one not; a Phase Partitioning Experi- 
ment; and echocardiograph and image intensifier experiments. 




STS ShD - Mission Specialists Jeffrey Hoffman (lefthand 
Rhea Seddon demonstrate the behavior of a ^slinky toy' in 
microgravity. 



STS 51 -B Mission 



The Orbher Challenger lifted off from Pad A, Launch 
Complex 39, I^C, at 12:02 p.m. EDT on April 29, 1985. 
This was the second flight of the Spacelab, the first in a fully 
operational configuration. Spacelab carabilities for multi- 
disciplinary research in nriicrogravity were successfully demon 
strated. The gravity gradient attitude of tha orbiter proved 
quite stable, allowing the delicate experiments in materials 
processing and fluid mechanics to proceed normally. The 
crew -Operated in two 12-hr shifts. Two monkeys and 24 
, rodents were flown in special^ cages, the first time Anrierican 
astronauts have flown with live mammals aboard. The astro- 
naut experimenters in orbit were supported 24 hours a day by 
a temporary Payload Operations Control Center, located at 
the Johnson Sp.ace Center* Challenger landed at Edwards 
AFB. Wheel motion stopped at 12:11 p.m. EDT on May 6, 
1985, after a mission duration of 7 days, 0 hours and 8 
minutes. 

Crew, The crew members were Robert F. Overmyer, com- 
rpander., Frederick D. Gregory, pilot, Don L. Lind, Norman E. 
Thagard and William E. Thornton, mission specialists,_and 
Lodewijk van den Berg, of EG&G Energy Management, Tnc, 
and Taylor G. Wang, of Jet Propilsion Laboratory, payload 
specialists. 

Payload and Experiments. Spacelab 3 carried a large number 
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of experiments, including 15 primary ones, of which ,14 
were successfulh/ performed. There were five basic discipline 
areas - materials sciences, life sciences, fluid mechanics, 
atmospheric physics, and astronomy -r v;/ith numerous experi- 
ments in each. Two G'3taway SpecTal experime "s required 
that they be deployed from their canisters, a 'firs* n this 
program. These were NUSAT (Northern Utah Satellite) and 
GLOMR (Global Low Orbiting Message Relay Satellite). 
NUSAT deployed successfully, but GLOMR did not deploy 
and was returned to Earth. 




STS 5hB - Robert Overmyer aims a Linhof camera at the 
Earth througti a flight deck windo)^. Jhe limb of the planet 
forms a vertical line directly above the camera. 
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The OrbSter Discovery lifted off from Pad A, Launch 
Complex 39, KSC, at 7:33 a.m. EDT on June 17, 1985. The 
largest items of cargo were three communications^ satellites. 
Also flown were the deployable/retrievable Spartan 1, six 
Getaway Special canisters, a High Precision Tracking*Experi- 
ment (HPTE) 'for the Strategic Defense Initiative ("Star 
Wars"), a materials processing furnace, ar J French biomedical 
experiiT' nts. 

Ah three communications satellites were successfully 
deployed and turned over to their owner*operators. Their 
PAM D perigee booster motors firaQ and all three reached 
oeosynchroj ous orbit, where they entered checkout oper- 
ations. Spartan 1 was deployed and recovered. All the experi- 
ments were successfully accomplished. Discovery landed at 
Edwards AFB at 9:12 a.m. EDT on June 24, 1985, after a 
mission duration of 7 days, one hour and 39 minutes. 

Crew. The crew members were Daniel C. Brandenstein, com- 
mander; John 0. Creighton,. pilot; Shannon W. Lucid, Steven 
R. Nagel, and John M. Fabian, mission specialists; and Patrick 
Baudry, France, and Prince Sultan Salman Al-Saud, Saudi 
Arabia, payload specialists. 

Payload and Experiments. The three communications satellites 
deployed were the Arabsat 1-B (Arab Satellite Communi- 
cations Organization); Moreios 1 (Mexico); and Telstar 3 U 
(AT&T). All three utilized PAM-D booster stages to achieve 
geosynchronous transfer orbits after deployment from the 
Discovery. The latter two spacecraft are variants of the 
Hughes-built HS376 series of spin-$tablh^ted satellites. Both 

5o 



use the Morton ThiokoLStar 48 motor to circularize the orbit 
and alignJt with the equator at apogee. Morelos 1 provides 
12 channels operating in the C-band and 6 channels-operating 
in the Ku band. It can provide educational and commercial 
television programs, telephone and facsimile services, and data 
and business transmission services to even the most remote 
parts of Mexico. Telstar 3*D. operates in the C*band only, and 
has 24 working channels. Using single sideband technology, a 
Telstar can relay up to 86,400 two-way telephone calls. Both 
spacecraft arc about 22 ft high and 7 ft wide when deployed, 
and have a mass of around 1,450 lbs when operational. 

Arabsat 1 satellites ^re built by an international team led 
by Aerospatiale of Franco, it is a three*axis stabilized space* 
craft with two deployable solar array wings, making It almost 
68 ft long and over 18 ft wide when deployed in orbit. It 
weighs about 2,800 lbs in Its Initial orbit, but some 1;490 lbs 
of this is propellant. It has an onboard low-thrust motor that 
utilizes hydrazine and nitrogen tetroxide, and transfers from 
an initial elliptical to geosynchronous orbit by firing this 
motor. The remaining propellant is then used for station- 
keeping or moving over the.life of the satellite. 

Spartan 1 measured 126 by 42 by 48 inches, and 
wejghed 2,223 lbs. The Spartan is a carrier, designed- to be 
deployed from the orbiter and fly free in space before being 
retrieved. .Soartan 1 included 300 lbs of experlments-in the 
field of astronomy. It was deployed and operated success* 
fully, independent of the orbiteri before being retrieved?- 




STS 5hG - Payload Specialist Patrick Baudry of France 
(left) and Salman Al^aud of Saudi Arabia conduct a French 
postural experiment in the middeck of Discovery, 




STS 51 'G - Spartan 1, a payload carrier with the capability 
of independent flight, maneuvers in space alongside Discovery. 



The materials furnace, French biomedical experiments, 
and, ^ix Getaway Special experiments were all successfully 
performed, although the G034 Getaway Special shut down 
prematurely. The Strategic Defense Initiative failed during its 
first try on orbit 37 because the orbiter was not at the correct 
attitude. It was successfully completed on orbit 64. 
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The Orbiter Challenger lifted off from Pad A, Launch 
Complex 39, KSC, at 5:00 p.^n. EDT on July 2b, 1985. The 
largest item of cargo aboard was Spacelab 2, the second and 
last Spacelab verification mission. Verification ^Flight Instru- 
mentation (VFI) was strategically located throughout.Spscelab 
2 and at the Spacelab interfaces vvith the Orbiter Challenger. 
Spacelab 3, flown out of sequence ahead of Sp'acelab 2, wasi 
an operational mission, using essentially the same operating 
equipment already verified on Spacelab 1. 

r 

This mission was originally' scheduled for launch on 
July 12, 1985. Main engine ignition was achieved on that date, 
but a malfunction jn a coolant valve on the, No. '^2 engine 
resulted in tne computer shutting down all three at T— 3 
seconds. 

Liftoff on July 29 was delayed by approximately 1 
hour and 37 minutes due to an orbiter problem. The fji^t 
then proceeded normally until the No. ^ engine shut down 
prematurely at 5 minutes and 45 seconds after liftoff. This 
resulted in an abort-to*orbit trajectory and ari initial orbital 
altitude of 124 by 165 miles. This was !ater corrected by 
OMS burns to reach an altitude of 196 by miles. ^ 

Once in orbit tho mission went well, with good results 
being obtained by all major experiment Instruments. The 
mission was extended to eight days from the planned seven, 
to obtain more data. Challenger landed at Edwards AFB at 
3:45 p.m. EDT on August 6, 1985, after a mission duration 
of 7 days, 22 hours and 45 minutes. 

Crew. The crew members were Charles G. Fullerton, com- 
mander;, Roy D. Bridges, pilot; F. Story Musgrave, Anthony W. 
England and Karl G. flenlze, mission specialists; and Loren W. 
Acton, Lockheed Corporation, and John*Davld Bartoe, Naval 
Research Laboratory, payload specialists. 

Paytoad and Experiments^ The VFI system operated normally 
during launch and ascent, obtaining good data which was 
relayed to the ground later via the TDRS. The VFI instru- 
ments continued to operate normally throughout the mission. 
Alt of the 13 planned detailed test objectives were accom- 
plished. 

This, was the first Spacelab mission where most instru- 
ments were moiMted on a three*pal*3t train and open to space. 
A separate container protected one large experiment, on the 
elemental composition and energy spectra of cosmic ray 
nuclei, located behind the pallet tr^ln at the rear of the cargo 
bay. To provide the fine pointing accuracy needed by the solar 
and astronomy experiments on pallet 1,. an Instrument Point- 
ing System (IPS), developed by the European Space Agency, 
was flown on this mission. The IPS features a threeaxis gimbal 
system that nn orient instruments of up to 4,400 pounds 
Mass within an accuracy of 1 arc second. During Verification 
Fnght Testing of the IPS some problems occurred in acquiring 



and fine tracking of the Sun, using the optical sensor package. 
Onboard troubleshooting enabled the development on the 
ground of a series of softv;are paf^hes that corrected the 
problem. 

Four experiments were conducted mside the pressurized 
crew compartment. Two dealt with Vitamin D metabolites 
and bone demineralization, which included takinr (bhysi* 
ological measurements of the flight crew members. A third was 
to determine the effect of weightlessness upon lignification in 
plants. The fourth, added late in mission planning, dealt with 
protein crystal growth. All were highly successful. 

The pallet*mounted instruments conducted experiments 
or gathered^, data jn the areas of plasma physics, infrared 
astronomy, high*energy physics, solar physics, atmospheric 
t physics, and technology. The instruments were operated by 
the crew from inside the pressurized compartment, or by 
ground ^^r^ntrol. A special part of the modular Spacelab system 
. located at th6 head of the train, called the Igloo, provid^^i^ 
on-site support services to the instruments mounted on the 
pallets. These support subsystems are designed to operate in 
a pressurized environment, and the Igloo is the only part of 
this configuration of the Spacelab that requires pressuri- 
zation. The equipment in the Igloo. can vary. For this mission 
it included three computers, one mass memory, a power 
controller, subsystem power distribution, multiplexer, a freon 
cooling loop, -and other support components. 

The highly trained Spadelab-2 crew carried out experi- 
«^ ments for which there were few precedents except rehearsal^. 
The crew held frequent conversations with experts on the 
ground. As a result, the data and Images acquired appear to be 
of very high quality. 
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The remaining two spacecraft were AUSSAT-1 and 
American Satellite Company 1 (ASC-1). The AUSSAT sun- 
shield hung up on the satellite's omni antenna when an 
attempt was made to reopen the sunshield to perform a 
spacecraft health check. The Canadarm was then used to open 
the deformed sunshield. To avoid more heat from sunlight 
th£^n was allowable on the spacecraft and attached booster 
stage, AUSSAT-1 was deployed a day early, on August 27. 
ASC-1 was deployed the same day. 

SYNCOM I V-4 was deployed on August 29. A scheduled 
bickup day was not needed, enabling SYNCOM IV 3 rendez 
yous maneuvers to begin a day earlier than planned. Fisher and 
Van Hoften performed an EVA to capture the satellite on 
Flight Day 5. Power had been lost on the Canadarm elbow 
joint, when operating in the primary mode, on the first day. 
O 
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STS 51'F r- The Instrument Pointing System uses star loca- 
tions for stable reference points and then furnishes guidance 
to the sensitive astronomical instruments aboard Spacelab 2, 



This limitation caused operations to go slowly. A second 
EVA was required the next day. The installation of a bypass 
system to provide ground control of tliO spacecraft was 
successfully completed. At a later date, the satellite was 
placed in the qorrect orbit and enterea normal service^ 

Orbiter Discovery landed at VAFE on September'^, 
1985; the wheels* stopped rolling at 9:16 a.m. EOT. The 
mission duration vjb% 7 days, 2 hours and 18 minutes. 

Crew. The crew members were Joe H. Engle, commander; 
Richard O. Covey, pilot; and James Van Hoften, John M. 
Lounge and William F. Fisher, mission specialists. 

Payload and Experiments. Two of the three communications 
spacecraft, AUSSAT 1 and ASC-1, were equipped with a 
PAM-0 booster stage. The third, SYNCOM IV4, utilizes a 
Minuteman third stage as a booster. See mi«s.on 51 -D for a 
more complete description of a SYNCOM IV. 

The AUSSAT system is designed to provide a wide 
range of domestic communications services to the entire 
continent of Australia and its offshore islands. This includes 
direct television broadcasts to isolated homesteads and remote 
communities, high quality television relay.^ between major 
cities, digital data transmission for business use, centralized 
air traffic control services, and maritime and land-based radio 



The Orbiter Discovery lifted off from Pad A, Launch 
Complex 39, KSC, at 6:58 a.m. EDT on August 27, 1985. 
The cargo consisted of three communications sa^tellites and 
one middeck experiment. The launch was originally planned 
for August 24, but was delayed due to thunderstorms and 
lightning in the pad areas. It was further delayed until August 
27 to replace a failed General Purpose Computer (No. 5) and 
to inspect the main engine ducts. This mission had the unusual 
responsibility of capturing and repairing a spacecraft, 
SYNCOM IV-3 (deployed on the earlier Discovery mission 
51'D the previous April), after first deploying SYNCOM IV-4. 



coverage. AUSSAT-1 is a Hughes HS 376 model, and operates 
15 channels in ihe 14/12 GHz Ku band. 
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The ASC-1 s;*tellite provides voice, data, facsimile, and 
videoconferencing communications services to U.S. businesses 
and government agencies. It Is a hybrid spacecraft, providing 
channels in both the 6/4 and 14/12 GHz bands. A unique 
'first' for the ASC series Is their encrypted command links, a 
security feature which guards against unauthorized access to 
the satellite command system. ASC spacecraft are built by 
RCA Astro E lecti onlcs. 

The pay load item in the pressurized crew compartment 
was the second in ? series by the 3M Cohipany, dealing with 
the Physical Vapor Transport of Organic Solids (PVTOS). 
The experiment was conducted successfully. 




STS 5hl - An oblique view of Hurricane Elena taken 
September 2, 1985, from the flight deck of Discovery. The 
structure of almost the entire storm can be seen in thi^ single 
photograph. 




STS 51'l During a light mc -^ent Mission Specialists William 
Fisher (left) and James van Hoften, hovering in space, peer 
into the crew compartment of Discover/ through two front 
windows. 
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This was the second Space Shuttle mission totally dedi- 
cated 4o the Department of Defense. Its cargo was classified. 
Li'/toff occurred on October 3, 1985, at 11:1E a.m. EDT, from 
Pad A, Launch Complex 39, Kennedy Space Center. The 
orbiter was Atlantis, making its first flight. The mission was 
classified as ''Successful." After a duration of 4 days,' 1 hr 
and 45 minutes, Atlantis landed on Runway 23 at Edwards 
AFB at 1:00 p.m. EDT on October 7, 1985. 

Crew. The crew members were Karol J. "Bo" Bobko, com- 
mander; Ronald J. Grabe, pilot; David C. Hilmers and Robert 
L. Stewart, mission specialists; and William Pailes, U.S. Air 
Force, payload specialist. 
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The Orbiter Challenger lifted off from Pad A, Launch 
Complex 39, KSC, at 12:00 noon EST on October 30, 1985. 
This was the first Space Shuttle mission largely financed and 
operated by another nation, West Germxny. It was also the 
first Space Shuttle flight to carry a crew of eight. The orimary 
mission was to operate a series of experiments, almost all 
related to functions in niicrogravity, in Spacelab D-1, the 
fourth flight of a Spacelab. Two other mission assignments 
were to deploy the Global Low Orbiting Message Relay 
Satellite (GLOMR) out of a Getaway Special canister in the 
cargo bay, and operate five materials processing experiments 
mounted in the cargo bay on a separate device called the 
German Unique Support Structure. 

NASA operated the Space Shutt('3, and was responsible 
for overall safety and control function! throughout the flight. 
West Germany was responsible for the scientific research 
carried out during the seven-day Mission. To fulfill this 
function German scientific controllers on the ground worked 
closely with the personnel Sr. orbit, operating out of the 
German Space Operations Center at Oberpfaffenhofen, near 
Munich, West Germany. The orbiting crew divided into two 
teams, and operated 24*hrs a day. Communications were 
very good throughout the mission and the ground' and orbital 
crews were able to interact regularly. The ,9vefall system of 
one Center controlling spacecraft operations and a second 
controlling experiment functions worked very smoothly in 
practice. 

The GLOMR satellite was successfully deployed during 
the mission. The five experiments mounted on the separate 
structure behind the Spacelab module obtained good data. 
Orbiter Challenger Janded on Runway 17 at Edwards AFB on 
November 6, 1985. The wheels stopped rolling at 12:45 
p.m. EST, after a mission duration of 7 days, 0 hours, and 
45 minutes. 



Crew. The crew members were Henry W. Hartsffeld, Jr., 
commander; Steven R. Nagel, pilot; Bonnie J. Dunbar, James 
F. Buchli and Guion S. Bluford, mission specialists; and 
Ernst Messerschmid and Reinhard Furrer, West Germany, 
along with Wubbo Ockels, European Space Agency, payload 
spv<{cialists. 

Payload and Experiments. The science research effort on 
Spacelab D-l encompassed some 75 numbered experiments, 
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most of which were performed more than oncv. Some of 
these experiments had predecessors which had returned 
I data obtained on earlier flights. This mctde it possible to 
prepare experiment regimens that were 'second generation' 
with respect to technical concept and experiment installation. 
Almost all of them took advantage of the microgravity 
•environment-toperform-work*not possible, or very much more 
difficult to do, on Earth. The major area of concentration 
9 was materials science, in which West Germany has a well 
developed expertise. 

The primary areas of experiment concentration wrre: 
fluid physics, with experiments in capillarity, Marangoni 
convection, diffusion phenc lena, and critical point; solidi- 
fication experiments; single coastal growth; composites; 
biological, including cell functions, developmental processes, 
and the ability of plants to perceive gra ity; medical; including 
the gravitational perceptions of humans, and their adaptation 
processes in space; and speed -time interaction studies of 
.people working in space. ' - 

One equipment item of unusual interest was the Vesti- 
bular Sled, an ESA contribution consisting of a seat for a 
test subject that could be Tioved backward and forward with 
precisely controlled accelerations and stops, along rails fixed 
to the floor of the Spacelab aisle^By taking detailed measure- 
ments on a human strapped into the seat, scientists gained 
data on the functional organization of the human vestibular 
and orientatio'; systems, and the vestibular adaptation pro* 
cesses under microgravity. The acceleration experiments by 
the sled riders were combined with thermal stimulations 
of the inner ear and optokinetic stimulations of the eye. 

Overall, this was the most comprehensive series of 
experiments to date on materials processing in :.pace and 
associated human activities, adding a rich store to humanity's 
knowledge. The data that was gained w'll require years of 
analysis. 
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The Orbiter Atlantis lifted off from Pad A, Launch 
Complex 39, KSC, at 7.29 p.m. EST on November 26, 1985, 
the second mght launch m the Shuttle program and the second 
flight for Atlantis. The primary payload of three communi- 
cations satellites were successfully deployed, one at a time, 
and a major demonstration of construction techniques to build 
structures in orbit was successfully accomplished. This activity 
was filmed by an IMAX large-film camera mounted in the 
cargo bay, obtaining some excellent coverage. Three experi- 
ments located in the pressurized c ew compartment wete 
also completed, with good djta obtained. The landing was at 
Edwards AFB, at 4.33 p.m. EST on December 3, 1985, 
after a mission duration ot 6 days, 21 hrs, and 5 minutes. 

Crew. The crew members were Brewster H. Shaw, Jr., com- 
mander; Bryan D. O'Connor, pilot; Mary L. Cleave, Sherwood 
C. Spring ant Jerry L. Ross, mission specialists; and Rodolfo 
Neri Vela, Mexico, and Charle: Walker, McDonnell Douglas, 
payload specialists. 

Payload and Experiments. Two of the three communications 
satellites were AUSSAT 2 and Morelos B, in each case the 
second in its series. (See mission 51-1 and 51 G.) Both were 
Hughes H&376 satellites equipped with a PAM*D booster to 
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STS 61 'A - Payload Specialist Wubbo Ockels, European 
Space Agency, lifts himself out of a speciaT sleeping-bag 
designed by a Dutch company that let him be the first person 
to sleep inside a Spacelab instead of the orbiter. 



reach geosynchronous transfer orbit. The third spacecraft 
was the SATCOM Ku-2, a version of the RCA 4000 ieri«. 
RCA American Communications owns and operates the 
satellite system of which SATCOM Ku-2 is a part. It was 
attached to a PAM-D2 booster, a larger version of the PAM-D. 
This was the first flight of this booster stage on a Space 
Shuttle. 

All three spacecraft were successfully deployed, one at 
a time, and. their booster stages fired automatically to lift 
them to geosynchronous transfer orbits. Their respective 
owners assumed charge, and later fired the onboard kick 
motors at apogee, to circulaiize the orbits and align them, with 
the equator. 

SATCOM Ku 2 has 16 channels and operates entirely 
in the Ku (14/12 GHz) range. Each channel has cn output 
power of 45 v\/atts and a bandwidth of 54 MHz, enough to 
make reception practical on a home antenna as small as 
three feet in diameter. This was the first of three spacecraft 
planned to form a complete operating.system Future planned 
service areas ar^ homes that cannot receive cable television 
services, multi unit residential complexes such as condo 
miniums and apartment houses, hotels, hospitals, and schools; 
and a syndication system to deliver time*sensitive program- 
ming to commercial broadcast television stations. 

An item of major interest was EASE/ACCESS, an 
experiment in assembling large structures in space. ACCESS 
was a 'high-rise' tower composed of many small struts and 
nodes. EASE was a geometric structure shaped like an inverted 
pyramid, composed of a few large beams and nodes. Together 
they demonstrated the feasibility of assembling large pre 
formed structures m space. The IMAX camera mounted in 



the cargo bay filmed the activities of the astronauts engaged 
in the EASE/ACCESS work, as welt as jther scenes of interest. 

Rudolfo Neri Vela accomplished a senss of experiments, 
primarily in human physiology. Charles WalKer again operated 
the Continuous Flow Rectrophoresis System, the third flight 
of this larger and improved equipment to produce commercial 
pharmaceutical products in microgravity. Ar; experiment In 
Diffusive Mixing of Organic Solutions, or DMOS, was operated 
successfully for the 3M Company. The object is to grow single 
crystals in microgravity that are larger and more pure than 
any that can be grown on Earth. One Getaway Special canister 
in the cargo bay carried an experiment by Canadian studen 
to fabricpte mirrors in microgravity with higher performance 
than on^s made on Earth. 

All the experiments on this mission weie successfully 
accomplished, and all equipment operated within established 
parameters. 
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The Orbiter Columbia lifted off fiom PaJ A, Launch 
Complex 39, KSC, at 6:55 a.m. EST on January 12, 1986. 
This launch had been postponed several times from an origi 
nally planned date of December 18. On that date it was 
delayed to December 19 because of excess time needed to 
close out the aft compartment. On December 19 the count 
way. halted at T-14 seconds due to an out-of-tolerance readmg 
on the nc^t solid rocket booster hydraulic system. Another 
launch attempt on January 6 was halted at T—31 seconds due 
to a problem with the fill and drain valve in the liquid oxygen 
system; the window ended before the problem could be 
resolved. On January 7 the launch team tried again, but 
marginal. weather for an emergency retum to KSC plus bad 
weather ^t the emergency landing sites at Dakar and Moron 
forced a postponement. The January 9 planned launch was 
delayed an extra day to perri'ilt ri5mova! of an obstruction in 
the Space Shuttle Main Engine No. 2 liquid oxygen prevalve. 
On January 10 anothet launch attempt was made, but even 
tually called off due to heavy rains In the pad area. The actual 
liftoff on January 12 was then achieved without major 
incident. 

The primary payload of the RCA Ku-I satellite was 
successfully deployed. Most of the large number of small 
payloads and experiments in the cargo bay and crew com> 
partment were successfully operated. One exception was the 
Comet Halley Active Monituring Program (CHAMP), which 
did not function properly due to battery problems. 

Mission controllers decided to shorten the planned fhght 
by one day t > provide more processing time on the ground for 
the next flight of Columbia, bringing it in at KSC on January 
16. The landing attempt had to be waved off on that day due 
to unfavorable weather at KSC, and was waved off again the 
next day as well. The mission vt/as extended one more day for 
anothet KSC attempt, but when it also had to be waved off 
because of weather, Columbia landed at Edwards AFB instead. 
The wheels stopped rolling at 8.59 a.m. EST on January 18, 
after a mission duration of 6 days, 2 hours, and 4 minutes. 

Crew. The crew members were Robert L. Gibson, com 
mander. Charles F. Bolden, Jr., pilot. Franklin Chang Diaz, 
Steven A. Hawley, and George D. Nelson, mission specialists; 



and Robert Cenker, RCA Astro-Electronics, and Bill Nelson, 
United, States House of Representatives, payloarj specialists. 

Payload and Experiments. This mission carried an ynusually 
large number of small experiments. The one large item was the 
SATCOM Ku-1 , the second in this series of communications 
satellites for RCA Americom (see Mission 61-B for a descrip- 
tion of the spacecraft and its attached PAM-P2 booster stage). 
Tliere were 13 Getaway Special canisters, 12 mounted on a 
GAS Bridge Assembly that reaches from side to ^ide across the 
cargo bay, and one attached to the GAS canister mounts on 
the right wall nearby. These provided a wide variety of experi* 
ments, including ones in microgravity dealing with materials 
processing, seed germination, egg hatching, and diemical 
react:ons; astronomy observations; and atmospheric physics 
experiments. * 

A second experiment carrier that reaches across the 
cargo bay was flown for the first time, the Materials Science 
Laboratory-2 structure^ It carried three larger experiments 
exploring liquid biibble suspension by sound waves; melting ' 
and resolidification of metallic samples, and containerless 
melting and solidification of electrically conductive specimens. 

A third small payloads carrier called the Hitchhiker G— t 
(HHG-1) attached to two GAS canister mounts on the cargo 
bay right wall near the front. It carried three experiments, to 
film particles in the local environment, test a new heat transfer 
system, and determine the effects of contamination and 
atomic oxygen on ultraviolet optics materials. 

Three exp iments in the pressurized crew compartment 
were by students working in the Shuttle Student Involvement 
Program, and dealt with the measurement of auxin levels and 
starch grains in plant roots, air injection as an alternative to 
honeycombing in metals, and a study of paper fiber formation 
in microgravity. Another cabin experiment measured the 
sedimentation level of whole blood stored in microgravity. 

The CHAMP experiment consisted primarily of a 35mm 
camera to photograph Comet Halley through the aft flight 
deck overhead window. This experiment was not successful. 
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The Orbiter Challenger lifted off from Pad B, Launch 
Complex 29, KSC, at 11:37 a.m. on January 28, 1986. At 
just undei 74 seconds into the flight an explosion occurred, 
which caused the loss of the vehicle and its crew. 

Craw. The crew members were Francis P. Scrbee, commander, 
Michael J. Smith, pilot. Judith A. Pesnik, Ellison Oni<.uka, 
and Ronald E. McNair, mission specialists; and S. Christa 
McAuliffe, New Hampshire schOv^lteachei, and Gregor/ B. 
Jarvis, Hughes Aircraft, payload specialists. 

Payload and Experiments. The primary item of cargo was the 
second Tracking and Data Relay Satellite (TDRSt, with an 
attached L<ertial Upper Stage (lUS) booster for the planned 
transfer to geosynchronous orbit. Also aboard was the 
Spartan, a fre^-flying module designed to operate indepen* 
dently of the orbiter and observe Halley's Comet with two 
ultraviolet spectrometers and two cameras. Several small 
experiments were carried in the pressurized crew com- 
partment, including a set of lessons planned for live television 
transmission by S. Chnsta McAuliffe, a teacher and the first 
passenger-observer in the U.S. manned space program. 

as 
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Astronaut Selection and Training 

By the mid 1 990*s. Americans willbe livM ig and working m space. The science fiction characters of^yesieryear wiH 
come to life as flesh and blood astronauts, scientists, technicians, and specialists engaged m transportation, 
servicing, nianufacturing. and research. Men and women who man the S^ace Station will learn to adapt to the 
peculiarities of life in a weightless environment where they float from place to place, add a dab of water to make 
'•-eeze-dried meals come to life, and shov/er with floating globules of water. The frontiers of space are continually 
moving outward and Space Station is man's next step into Ihe universe. 

History of Astronaut Selection 

Mart's scope of space exploration has broadened since the 
first U S manned space flight m 1961. But thfe Nation can 
never forget the original seven space pilots who focused 
our vision on the ^lars. In 1959, the National Aeronautics 
and Space Administration (NASA) dSked the U.S. military 
servxe^ to list their members who met specific qualifications, 
li' seeking its first astronauts. NASA required jet aircraft 
flight experience and engineenng training as well as ht tght 
below 5 feet 11 inches because of limitevi cabin space 
available in the Mercury space capsule bei>-3 designed. 
After many series of intense physical and psychological 
screenings. NASA selected seven men from an original field 
ot 500 candidates. They were Lieutenant M. Scott Carpenter; 
Air Force Captains L Gordon Cooper, Jr., Viroil "Gus" 
Grissom. and Donald K. "Deke" Slayton, Manne ireutenant 
Colonel John H- Glenn, Jr., and Navy Lieutenant Com- 
manders Waiter M. Schirra, Jr and Alan B. Shepard, Jr. 

Each man flew in Project Mercury except Slayton, who was 
grounded tor medical reasons. Sixteen years later, Slayton 
was an-American crewmember of the Apollo-Soyuz Test 
Project, the world's first intern ^tional mannedspace flight. 

Nine pilot astronauts were chosen in September 1962, and 
fourteen more were selected In October 1963. By then, 
prime emphasis had shifted away from flight expenence 
and toward superior academic qualifications. In October 
1964, applications were invited on the basis of educational 
background alone. These were the scientist astronauts, so 
caller* because the 400-plus applicants who met minimum 
requirements had a doctorate or equivalent experience m 
the natural sciences, medicine, or engineering Of these 400 
applicants, six were selected In June 1965. 

In April 1966, 19 pilot astronauts were named and ir August 

1967. 11 scientist astronauts were added to the program. 
^ *Vhen the Air Force Manned Orbiting Laboratory program 
cni/^'as cancelled in mid-1969, seven astronaut trainees 
k^^i ansferred to NASA. 



Shutt^le Era Astronaut Candidate Recruiting 

The first group of astronaut candidates since .the Space 
Shuttle Program began was selected !n January 1978. in 
July of that year, they began a rigorous training and 
evaluation period at NASAs junnson Space Center to 
^fy for subsequ'jnt assignment for futur>e Space Shuttle 
flight crews This group of 20 mission specialists and 16 
pilots .<eted treming and went from astronaut canosdate 
status to astronaut (active statuSj m August 1979. Six of Ihe 
35 were women and four were members of rr<inortties. 



Three gruups of pilots and mission specialists have been 
added since then. 19 m July 1980, 17 in July 1984rand 13 m 
August 1985, 




SPACE TRANSPORTATJON SYSTEM 

One of the goals of the Space Transportation System (STS) is the expansion of the Nation s research capabilities in the space 
environment The STS provides the opportunity for onboard participation of scientific investigators or other representatives of 
the payload research community, as vi^ei; as individuals selected by major payload customers who reimburse NASA. The 
participation of these payload specialists, as they are called, enhances the probability of successful achievement of their 
scientific or technical mission objectives. 



Space Shuttle Crew Positions 
Pilot Astroriauts 

Pilot astronauls.serve as J^oth Space Shuttle commahcl^rs 
and pilots. During flight, the commander has onboard 
responsibility for the vehicle, crev/. mission success, and 
.safety of flight. The pilot assists the commander in 
conti^blling and operating the vehicle. In addition, the pilot 
may assist in the deployment and retrieval of satellites using 
the robot arm in spacewalks. and in other payload operations. 

Mission Specialist Astronauts 

Mi^sion'specialist astronauts, working with the commander 
and pilot, have overall responsibility for the coordination of 
Space Shuttle operations in the areas of crew activity 
planning, consumables usage, and experiment ap'* payload 
operations. Mission specialists are required to have a 
detailed knowledge of the Space Shuttle systems, as well as 
detailed knowledge of the operational characteristics, 
mission requirements and objectives, and supporting 
systems and equipment for each of the experiments to be 
condDCted on their assigned missions. Mission specialists 
perform spacewalks and payload handling using the robot 
arm. and perform or assist in specific experiment operations. 

Payioad Specialists 

Payload Specialists are primarily professionals in the 
physical and life sciences, or technicians skilled in the 
operation of unique equipment. The selection of a payload 
specialistfor a particular mission is the responsibility of the 
payload sponsor or customer. In the case of a NASA- 
sponsored mission, payload specialist candidates are 
identified by an Investigator Working Group (IWG). and 
final selection ts approved by NASA. Payload specialists 
who fly in support of a major payload customer are selected 
directly by the sponsoring company or organization. They 
need not-be U.S. citizens. All selected individuals must 
comply with NASA-established health and physical fitness 
standards. 

Once accepted, the payload specialist undergoes dual 
training Training related to the operation of the payload or 
experiment may tdke place at an industrial facility, a 
university, or a government agency. The second type of 
training — flight familiarization is required for every 
mission and takes place at the Johnson Space Center. This 
flight training familiarizes the payload specialist witli the 
Space Shuttle aha payload support equipment, crew 
operations, housekeeping, and emergency procedures 
related to.his or her flight. 



JFor information about opportunities in this field, write to 
NASA Headquarters. Attn: Code OST-5. Washington. D.C. 
20546. If you are not a citizen of the United States, you may 
instead wish to contact the appropriate governmentag^ncy 
within your own country. 

Astronaut Caiiididate Program 

The National Aeronautics and Space Administration accepts 
applications on a continuous basis and selects. astronaut 
candidates as needed. Civilians and militarypersonnel are 
conside red for the one-year training prog ram. Q^rrer^t regula- 
tions require that preference for apf>ointrnent tq vacant^ 
positiqrjs be g^iven to U.S. citizens when they are available. 
For information on pilot astronaut or fnission specialist 
opportunities, vynte to AstronautSelection Office. Mail Code 
AHX. Johnson Space Center. Houston. Texas 77058. 

General Program Requirements 

Selected applicants are designated astronaut candidates 
and are assigned to the Astronaut Office at Johnson Space 
Centei-. During the one-year training and evaluation period, 
they are assigned technical or scientific responsibilities and 
they participate in the astronaut training program designed 
to developHjhe knowledge and skills required forlormal 
mission training upon selection for a flight. Final selection 
is made after the one-year program. 

Basic Qualification Requirements 

For mission'speciafists and pilot astronaut candidates, the 
baste edi*cation requirement is at least a bachelor's degree 
with majorstudy in engineering, biological science, physical 
science, or mathematics from an accredited college or 
university. Mission specialist applicants must also have 3 
ye^rs of professional, related experience. Pilot astronaut 
candidates must have at least 1 .000 hours pilot-in-command 
time in jet aircraft. Payload specialists must have the 
appropriate educatlbn and training related to the payload or 
experiment. All applicants must meet certain physical 
requirements and must pass NASA space physical examina- 
tions with varying standardsdepending on classification. 
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Training Activities 

Once selected, astronauts have a busy schedule of schooling 
and training m preparation for space flight. They study 
basicscience and technology courses such as mathematics, 
Earth resources, meteorology, guidance and navigation, 
astronomy, physics, and computers. 

For astronauts to learn to live and work a weightless 
environment, they tram for functioning m zero-gravity with 
various simulation experiences. The KC-135 jet aircraft, 
modified for astronaut training, gives the effect of a rapidly 
descendmg elevator when flown over the top" of a parabolic 
path Ounng this zero-gravity period lasting about 30 
seconds, astronauts practice drinking, eating, and. using 
various types of equipment Longer periods of weight- 
lessness are simulated under conditions of 'neutral buoy- 
ancy IP a specially designed water tank large enough to 
hold full-scale mockups of spacecraft components and 
equipment. 

To become accustomed to working in a pressurized space 
suit, astronauts spend many mission training sessions in 
the suit. 

Space Shuttle pilot astronauts land the spacecraft much 
like an aircraft on a runway. Therefore, conventional and 
modified aircraft are used to practice approach and landings. 
The four-engme KC- 135 jet provides experience in handling 
targe, heavy aircraft and the modified Grumman Gulfstream 
II aircraft, designated Shuttle Training Aircraft" (STA). 
Simulate the handling characteristics of the Orbiter for 
landing practice. 

t 

Th rough attendance^t er^meenng conferences and review 
meetings, astroilauts keep informed about spacecraft, 
payload, and launch vehicle design, development, and 
modification activities. 

Astronauts mamtam flight readiness through regular use of 
high-performance aircraft assigned to the johnson Space 
Center and based at nearby Ellington Field. Physical 
conditioning, for both pilot astronauts and mission special- 
ists, IS a matter of individual need and preference. Gvm- 
nasium facilities are available. 

Flight Assignments 

When assigned to a flight crew, an astronaut undertakes a 
busy schedule. Crews are named for specific flights well in 
advance of the launch date and because of the frequent 
flights of the Space Shuttle, several crews may be in training 
at the same time. 

Each crew receives cross-trammg so that at l^^ast one 
crewmember can handle the most critical duties of each 
associate. Thus, an ill or injured crewmember can be 
relieved in flight without compromising the mission. 

Each crew takes part m spacecraft reviews and test programs 
that let each crewmember become farfiiliar with a spacjcraft. 
These reviews include bnefings on the spacecraft, the 
spacecraft systems, arid guidance and navigation. 
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The tempo prcks up as the astronauts begm ^A^orkmg with 
the various srmufators. first to learn the individual 
tasks that are required to fly the spacecraft, then to put them 
an togetherfn .^e sequence that wil' be followed during the 
actual missiorj 

Thes'rnufators provde extremely realistic working condi- 
f,ons The spacecraft interiors are duplicated and the 
instruments, such as guidance and navigation displays, are 
programmed to give the same readings they would m flight 
Even Out the-windovrf views of the Earth, stars, payloads. 
and the landing runway are projected onto screens where 
the spacecraft windows would be The simulated conditions 
are so accurate that mos; astronauts come back from a 
mission feeling they had made the same flight many times 
before 

Training reaches a peak about 10 weeks before the 
scheduled flight when the miss»on simulator is linked with 
the Mission Control Center and with an also-simulated 
verston of the network of tracking stations Crews and flight 
controllers practice the most important portions of the 
mosion in a series of joint trammg exercises that prove 
everything is ready for the real flight 

In between their simulator sessions the crewmemoers 
continue to Keep themselves up to date un the status of the 
spacecraft and payiuads for their mission They also practice 
acltvilies related to the mission, such as deploying and 
retrieving payloads operating experiments, and performing 
extravehicular activity They train in celestial navigation 
important to spacecraft navigation «nd in the performance 
of some of the scientific experiments They learn detailed 
scientific equipment design and operation in gathering 
sc.entific data And. all the while each astronaut continues 
to mamtdin individual flight and physical status 



Even when the flight is completed, the job is not done. The 
crewmembers spend several days in debriefing — recounting 
their experiences for the benefit of future crews to help 
determine whether spacecraft systems, payload handling 
techniques, or perhaps training procedures might be 
improved. Members of the media also receive a detailed 
postflight briefing by the crew And. after a brief "vacation, " 
the studies and training that eventually may lead to another 
flight into space^are resumed. 
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Space Station 




A shuttle orOiter ptepareb to berth at tne permanently manned Space Station Hovenng 300 miles above the Earth in 
tnib dramatto arttst concept. Being developed by NASA, the Space Station \a/iII serve the needs of science, technology and 
private cector when placed in operation in the mid 1990*s. 

At the center ui the Space Station are the pressurizeo .itodules where crews will work and live. The two United States 
moauieo are depicted one a lauoratory module and the other a habitat module. Also shown is the proposed Japanese 
experiment iituuuie Aiungi>tae the Japanese module is the proposed European Space Agency module. Remote manipuhLr 
arms, provided by i^anada, are located on the trubs structure. Off in the distance is a Space Station co orbiting platfcrm An 
Orbital Maneuvering Vehicle (OMV) is shown ft) ing out toward the platform. 



The history of America's manned spac program for 
the past two and a half decades lia? been built upon a 
series of logical steps. Man's first trips into space were 
short, daring feats made by men of unsurpassed s^ul and 
courage. They went into space for one reason— to deter- 
mine if man could survive in the hostile environment. 

Spurred by presidential direction that America should 
land a man on the Moon and return him safely to l.he ^ 
Earth, longer space flights were conducted to prove that 
man could perform the intricate maneuvers thalv/ould be 
required to achieve a lunar landing. Finally, the goal was 
reached. Man. for a short period, inhabiied another heav- 
.enlybody. ^ 

Even before man took his first cautious^steps into 
space, he had dreamed of a permanent outpost in orbit 
which could be used for observing the Earth and the 
heavens r.- as a jumping off spot for mission? to oth^r 
planets and galaxies. America's first Space Station was 
called Skylat. a converted tliird stage of a left-over moon 
rocket. The modest orbiting laboratory was visited by 
threel:rews of astronauts who* stayed as long as three 
months, proving that man coulil live and work in space.. 

The notion of a space station is not oew or revolution- 
ary. The Soviet Union has for several years operated 
several versions of a space station, and recently placed 
into orbit a new space station which thev call Mir, the 
Russian word for peace. The Soviets have indicated they: - 
intend to occupy Mir.permanentiy and ma^^fi it the core of 
a busy complex of space-based factories, construction 
and repair facilities ar)d laboratories. 

When the Space Shuttle was conceived in the late 
1960 s, a space station was envisioned as a natural 
complement, a place for the, o.rbiter to shuttle. The Space 
Station, and its infrasfructiire, the key to future operations 
in space, couid not be built without a safe, reliable and 
efficient Shuttle. Having learned from ther Challenger 
' tragedy the bitterest of lessons, NASA is comiitted to a 
better, safer Shuttle system which will give.us back the 
ability^a first for mankind, to fly o<' and back on to our 
planet in order to utilize the potentiaLqf space for the 
benefit of mankind. 

Man has accomplished much in the brief span of time 
since he first began exploring spac^, yelhe has really 
only scratched the surface. More than a quarter century 
has passed since the first rocket was launched'ffom 
Cape Canaveral, yet the actual time spent on orbit, exper- 
imenting and learning, has been but a fraction of that. The 
visits are too brief. Man needs a permanent facility in orbit 
to permit him to stay and to work for as long as the work 
requires. A permanently manned Space Station Is the 
next logical step. 

In his State of the Union message of January 25, 1984, 
President Reagan announced ? oew, imaginative and far- 
reaching plan for Amoric^'o 6pace program, a plan that 
will carry the program well into the 21st century. 

He directed NASA to develop a permanently manned 
Space Station and to do it within a decade^ 

ThePresident's Space Station directive underscores a 
national commitment to maintaining United States leader- 
ship in space. Such leadership is essential, for America 
has become dependent upon operations in space: for 
communications, resource analysis and weather reports; 
for the conduct of science and tho development of new . 
technologies; and for the national security of our country. 
Space is no longer an unknown, unreachable environ- 



ment. It is simply a place to conduct useful, necessary 
activities. A place for men and women to live, work and 
learn. 

Continued U.S. leadership in space is but one reason 
why a Space Station $hould be built. From a compara- 
tively modest investment (about one-ninth the investment 
in Project^pqllo and about one-third the investment in 
Space Shuttle), it offers extraordinary benefits. A Space 
Station will add significantly to knowledge of our own 
planet and the universe we live in. A Space Station will 
stimulate technojogy resultirig in "spinoffs".that improve 
the quality pT Ijfe for people everywhere. A Space Station 
will create jobs and maintain our-ria\ion's skilled Industrial 
base. A Space Stajion will improve oUr touniry'.s compet- 
itive stance at a time when more and more high' technol- 
ogy products are being purchased overseas. And a 
Space Station will be a source of piide for all Americans 
and a visible symbol of our nation's abiljty to carry out 
complex scientific and engineering endeavors. 

What Is a Space Station? 

> The Space Station, as envisioned by NASA, will be a 
permanent, multi-purpose facility in orbit. It will serve as a 
labpratory to conduct basic research, an observatory to 
look down at the Earth or peer out Into the sky, a^acage 
to fix and service ether spacecraft, a manufacturing plaqt . 
to make exotic metal alloys, super-pure, pharmaceuticals^ 
or perfect crystals, an assembly piant to build structur^ . 
too large to fit in the Shuttle's cargo bav. and a storade 
warehouse to keep spare parts or even entire replace- ^ 
ment satellites. - ^ - \ 

The Space Station concept provides for both manned 
and unmanned elements. The manned facility, as well ab 
an unmanned free-flying platform, will be placed in a low 
Earth orbit of about 500 kilometers (315 miles) at an incli- \ \ 
nation to the equator of 28.5 degrfees. Two or more plat- 
forms in high inclination or polar Orbits will be launched 
and serviced by the Space Shuttle. 

Identical pressurized modules, 13.6 meters (nearly 45 
feet) long and approximately 5 meters (15 feet) in diame- 
ter, will be outfitted internally to serve either as a labora- „ 
tory or as living quarters for Space Station crews. The 
initial Station will support a crew of eight people with crew 
rotation and resupply from the Space Shuttle at approxi- 
mately three-month intervals. In addition to living quar- 
ters, the facility will provide utilities (electrical power, 
thermal control, attitude control and ds^a processing), 
work space, and a docking hub to allow tending by the 
Space Shuttle. The modules will be j>ble to support 
scientific research and technology development requiring 
crew interaction. 

The unmanned platforms will be able to-provide 
changeablo payload accommodations for activities 
requiring minimum disturbance and protection from 
contamination. A maxirhum of common subsystems such 
as power, thermal; docking, data, etc., will be used both 
on the Space Station arid the platforms. The co-oijbiting 
platform will be tended and serviced from the Space 
Station. 

The NASA/Industry Team 

The idea of a Space Station has been under considei- 
ation for years. fslASA hao conducted preliminary plan- 
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Artist i> renaenng.ot NASAs Space Statton ot the mtd 1990s tllustrates dual keel configuration mth pressunzed living 
quarters and latjoratones clustered together at the center. A free flying platform is being towed to the Space Station by 
an orbital maneuvering vehicle. 



ning efforts over the past few years seeking the be* ^ 
Space Station cc.icept to satisfy the requirements v 
potential users On oeptemoer 14. 1984, NASA issued a 
Request for Proposa* iRFP) to U S industry for prelimi- 
nary desjgn and definition of the Space Station The RFP 
solicited proposals on four sepa ate work packages 
covering Space Station elements 

On April 19. 1985. NASA let competing contracts on 
each ot the worK packages The work packages, NASA 
centers and contractors resp*^ oible are 

Work Package One, Marshall Space Flight Center. 
Huntsvilie. AL— definition and preliminary design ot pres 
surized common modules, node structures, environ- 
mental control systems« laboratory module outfitting, 
fogistica rr.odules« engine elements within the propulsion 
system, and Orbital Maneuvering Vehicles ^OMV) and 
Orbital Trcinster Vehicle <OTVi accommodations 
Contracts were awarded to Boeing Aerospace .Co , Seat- 
tie. WA and to Martin Marietta Aerospace. Denver CO 

Work Package Twc Johnson Space Center Houston« 
TX— definition and preliminary design of the structural 
framework to which the various elements of the Space 
Station will be attached manned systems withm the habk- 
tat rnoduie nterface between the Space Station and the 
Space Shuttle nnechamsms. such as Remote Man.puia- 
tor Sysl€»rnb iRMS> node ouMittmg with attitude control, 
thermat <^ onlroi communications propuis^on and data 



management subsy^iems. airlocks and extravehicular 
activay (EVAj accommodations Contracts were awarded 
to McDonnell Douglas Astronautics Co . Huntington 
Beach, CA. and to Rockwell Internat.onal. Space Station 
Systems Division. Downey. CA 

Work Package Three, Goddard Space F'ight Center. 
Greenbelt. MD— definition and preliminary d^'^sign of the 
automated free-flymg platforms and NASAs role in the 
development of provisions to service, maintain and repair 
the platforms and other free-flying spacecraft, flight telero- 
botic System, and provisions for instruments and 
payloads to be attached externally to the Space Station 
Contracts were awarded to RCA Astro Electronics, Pnn* 
ceton. NJ. and to General Electric Co . Space Systems 
Division, Philadelphia, ^A 

Work Package Four, Lewis Research Centei. Cleve 
land. OH— definition and preliminary design of the e^ectn 
cai power gener jting. conditioning and stotage systems 
Contracts were awarded to Rocketdyne Dwision, Rock- 
well International Canoya Park. CA. and to TRW Federal 
Systems Div^b^un Redondo Beach, CA (NASA has s»nce 
terminated TRW s participation m work package 4/ 

The Kennedy Space Center. FL. wjll be responsible for 
prefhght and launch operations and will be involved m 
tog»st{Cs support activities Other NASA centers wtii 
support the definition and preliminary desjyn activit-eb 
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Shaping the Space Station 

NASA is conducting a 21-month "Phase B" definitior 
and preliminary design study during which Space Station 
designers will identify and evaluate alternative systems, 
components and philosophies resulting in a Space 
S^ion configuration that is responsive to the needs of 
potential Space Station users, cost-effective to operate 
and maintain, and flexible in terms of eventual growth in 
size and capabilities. , / 

A configuration, called the "power towar" because of its 
sing'e 122-meler (40b-foot) tall spine, was used as the 
early reference. = 

Initial Space Station definitiori activities were completed 
in March 1986 at which time, based upon user require- 
ments and detailed engineering analysis, NASA selected 
a modified version of the power tower, called the "dual 
keel" as the baseline configuration. The dual keel Space 
Station is rectangular in shape and features two. parallel 
90-meter (297-foot) tall vertical keels, crossed by a single 
horizonlal beam v/hich supports the solar-powered 



energy system. The pressurized modules have beep 
placed near the Space Station's center of gravity, the 
most advantageous spot on the Station for conducting 
experiments that require a micro-gravity environment 
The new configuration provides more space for attaching 
payloads. and more easily accommodates future growth 
of the.Statioa 

To provide easy access and maximum privacy, the 
modules.are arranged in a raft pattern, connected by 
external nodes which will house many of the distrlt)uted 
subsystems usedJo command and control the Station. 
External airlocks free up space inside for locating equip- 
ment and working space. The atmosphere inside the 
modules will be nearly iderijlcal to:£arth's so that scien- 
tists interested in the effects of waightlessness on the 
human body can compare data acquired from earth- 
based testing against data gathered in space. 

Ar environmental contrpl and life support system will 
provide the crew with a breathable atmosphere, supply 
water for dnnking, bathing and food preparation, remove 
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contaminants from the air and process biological wastes. 
The ECLSS system will be "closed" to permit oxygen to 
be recovered from the carbon dio.^ide expelled by the 
crew, and allow wash water, urine ar.d condensate to be 
reused. Only food and nitrogen will have to be periodi- 
cally resupplied. 

Contractors will spend the remainder of the Phase B 
period performing preliminary design of the Space-Station 
elements and subsystems. At the end of this period 
NASA expects to have a firm and responsive Space 
Station design and be in a position to proceed toward 
har%are development 

Competitive contracts for hardware development are 
scheduled for award In 1987. NASAs plans callfor the. 
Space Station to be assembled in orbit beginning in 19^3 
and.to have a permanent manned capability in 1994. The 
Space Station Will be launched in segments in the Shuttle 
orbiter^s cargo bay and assembled in orbit It will be capa- 
ble of growth both in size and capability and is intended ^ 
to operate fox several decades. 

International Participation In the Space Station 

In keeping with a long term policy of international coop- 
eration in space, and the President's invitation to U.S. 
friends and allies to participate in development of the 
Space Station, NASA has signed agreements with 
Canada. the European Space Agency and with Japan 



that proi a framework for cooperation during the defi- 
nition ar p.eliminary design actfvity. 

Canaca is performing preliminary design on a Mobile 
Servicirtft Center, which would be a multi-purpose struc- 
ture equipped with manipulator /ms that would be used 
to help assemble and maintain the,Sp2^ce Statipn, as well 
as h^i% upkeep instruments and experiments mounted on 
the St&»i's framework. ' 

Japar\ is conducting preliminary desigh oh an attached 
multi-purpose research and development laboratory that 
will provide a shirtsleeve environment work space for 
Station crews. The Japanese experiment module Will also 
include ah exposed work decl<, a scientific/equipment 
airlock, a local remote manipulator amr and an experi- 
ment logistics module. 

ESA is doing preliminary design work on a perman- 
ently-attached pressurized laboratory module and a 
polar^orbiting platform. 

Cooperation during the development, operations and 
utilization phases will require separate agreements. 

Advanced Technologies 

Space Sfatlon has an extensive technology develop- 
ment program underway to provide technical options that 
are both reliable and cost effective for the Space Station 
program. Among the technologies which have the highest 
priority and the greatest potential for increasing the 
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This artist s conceot shows what the interior of one habitation module might look like. A fully-equipped galley vnd 
facilities for group dining are envisioned for what will be the Space Station equivalent of- a wardroom. 



NASA Astronaut Sherwood Woody' Sprmg checks jotnts on a lower that was assembled by Space Shuttle crewmen 
to demonstrate space construction techniques. Using NASA's Space Station as a base, astronauts will be able to 
etssembie large structures. 
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McDonnott Douq)dt> Pdyiudd Spn i^h^f Charles Walkt** ^jrocesses a pharmaccuhcai produi t abi the Space Shuttle 
(i\ing pfot t'Si f'upecfpa to be employed tn lommeraai space manufactunng in the future PharmaceuUi a/s 
prvdui tier m spd( e }n\t one ui 'f?jny i ommeraai actn^ittes (hat i\iH be supported by the Space Stath>ii 
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productivity of the St::fion are data management, environ- 
mental control and life support thermal control and 
powor. 

^n designing the Space Station, contractors are paying 
particular attention to the recommendations of the NASA 
Advanced Technology Advisory Committee which is iden- 
tifying automation and robotic technologies that could be 
used in the Space Station. Funds have been earmarked 
for research in automation and robotics. Before the first 
launch of Space Station elements, aboard the Shuttle, 
NASA will have ready a flight telbrobqlic systen) that 
could be attached to a mobile remote manipulator fd aid 
in assembling and maintaining the Space Station, The 
telerobotic system will also be used as a "smart** front 
end on an Orbital Maneuvering Vehicle for remote opera* 
tlons and servicing of free-flying payloads. 

Space Station Commercial Capabilities 

The Space Station will stimulate extensive commercial 
use of space by providing capabilities that are not now 
available tothe private sector. These capabilities are 
possible because the Space Station will couple manned 
presence with unlimited stay>time in orbit with advanced 
automated systems. 

The Space Station may in time enable the commercial 
production, in quantity, of critical materials r^ot obtainable 
on Earth, sxh as extremely pure pharmaceuticals. 
Frequent crew intervention is required in the development 
phases for such production processes. The Space 
Station also will provde changeable payload accommo- 
dations for commercial re.Tiote sensing instruments. 

NASA has signed a Memorandum of Understanding 
with Space Industries Inc., of Houston, TX, a privately- 
funded venture, to exchange information during the 
Phase B period. Sll plans to develop a prossdrized labo- 
ratory that would be launched by the Shuttle. Eventually, it 
could be serviced from the Space Station. 



Tending, Servicing, Repairing Satellites, Piatfonns 

The Space Station wiK serve as a permanent base for 
the efficient tending, servicing and repair of unmanned 
platforms and satellites, thereby increasing the lifetime of 
these expensive space assets and offering the flexibility 
to upgrade sp-^ce systems as technology advances. This 
efficiency denyes in part from the fact that the servicing 
equipment is stored on the 6oace Station and will not 
have to be brought up on the Space-Shuttle for each Indi- 
vidual servicing mission. The Space Station also will 
enable the In-orbit assembly and check-out of large 
space stnictures such as antennas, apertures.-tele* 
scoped and satellites prior to their deployment 

Science and the Space Station 

The Space Station will provide the capability to conduct 
space-based scientific research in fields such as astro- 
physics, solar system exploration, earth science and 
applications, life sciences, materials processing and 
communicJStions. - 

NASA has established an advisory committee to evalu- 
ate the role thi Station will play in future scientific tasks. . 
Equivalent international advisory bodies exchange infor- 
mation on their activities and plans with respect to the 
Space Station. 

Stepping Stone to the Future 

Space Station research focused on extending human 
stay-time in space will contribute to future manned explo- 
ration and exploitation of space, Thus. the Space Station 
could provide the necessary first step for major future 
manned missions in space, such as a permanent lunar 
base, a manned mission to Mars, a manned survey of the 
asteroids, a manned scientific and comnHKiications facll-, 
ity m geosynchronous orbit, and a complex of advanced 
scie;t(ific and commercial facilities in low Earth orbit Also, 
the Space Station could enable tKe staging of future 
unmannedinissions, such as planetary probes incluOini^ 
the possibility of sample returns. 
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Materials Processing in Space 




The first consumer product "made in space" is a microsphere so small it is .-"ws/We (o the naked eye. 
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r^/s cr/sfa/ grown aboard SpaceLab 3 oincf $/m//ar experiments 
ccufd i^ad to mafor advances /n efectromcs and industry 



Maierrais processing is the science by which ordinary 
and comparatively inexpensive raw materials are made 
into useful crystals, chemicals, metals, ceramics, and 
countless other manufactured products With it. we can 
build modern computers and communications systems, 
turbines for aifcraft. and electric power plants Materials 
processing m^kes it possible for us to produce chemical 
and biological compounds 'or use m medicine, and high- 
strength alloys and heat resistant ceramic tiles for use m 
♦he space program 

Materials processing on Earth took us into the Space 
Age and the near-weightless environment of Earth orbit 
There, the extended benefits of working m weightlessness 
have opened new and unique opportunities for the 
science of materials processing In the microgravity envi 
ronment of an orbiting spacecraft, scientists can use 
procedures that are all but impossible on Earth 

In orbit rtiatena^s processing can be accomplished 
%vithout the ef^^^cts of gravity, which on Earth causes mate- 
rials of differ* t densities and temperatures to separate 
rnd deform under the influence of their own masses 
Hov/ever, when we refer to an object as weightless/ we 
'^o not strictly mean there is an absence of gravity Rather 
•ve are referring to the absence of relative motion 
betv/een objects m a freely falling environment 

^01 example, if a man standing in an elevator drops a 
co'^ the com falls to the floor But if the elevator cable 
breaks and the elevator begins to fall, a dropped com will 



hteraHy float The com wiu fiuat (re^attve to the man and the 
elevator) because the elevator and everylhmg w^t^-n a will 
be jn a state of free fall This principle of free fail »$ used to 
obtatn weightlessness on the ground im drop towers and 
drop tubes), m the air (aboard research aircraft) and m 
orbit (aboard the Space Shuttle) 

Drop towers and airplanes provide weightlessness for 
up to 40 seconds, but extended per^odb of weightless 
ness can only be achieved on an orbiting spacecraft 
such as the Space Shuttle, the Space Station, or a 
privately owned free flymg dtform Moreover, the weight- 
lessness that is achieved by a spacecraft is not caused by 
an absence of gravity, but by the effect the spaceciaft s 
orbiting speed has m countering the effects of gravity 
Without gravity, the spacecraft would not follow a circular 
orbit, but would shoot off like a stone from a slingshot 

lypes of Experiment Payloads 

At present. NASA's Space Shuttle is one of the principal 
means for conducting orbital research Experiments 
aboard the Shuttle may be conducted m the nr d-deck 
area of the crev. cabin, m the cargo bay. usmg either the 
Materials Exr^jnment Assembly (MEA) or the Materials 
Science Laboratory {MSL), and m the Spacelah module 
Each Shuttle payload area offers certam spec^ai 
characteristics 




A MatGrtdls Science Lab (MSLl /s towered into the cargo bay 
\uhere d will be anchored and connected to oriutVe resources 
for carrying out experiments m orbit 



0 0 



Nlld'deck Payloads* Malenais processing experiments 
c<j.. ^ earned m one or more of the 42 mid deck storage 
locKer- . Theao lockers are about OS cubic meters (2 cu ft) 
in Size and can hold experiments weighing up to 27 kilo 
grams (60 lb). Shuttle crews can conduct the experiments 
inside the crew cabin. 

Cargo Bay Payloads. Experiments earned in the cargo 
bay use either the Materials Experiment Asserpbly (MEAj 
or the Materials Science oratory (MSL), Payloads 
using the MEA are self-contained and operate uidepen- 
demiy of the Shuttle s power and other resource^ Expen- 
ments on the MSL use the resources provided by the 
Orbiter. and on a single flight can be as large as .33 cubic 
meters (12 cu ft) and as heavy as 950 kilograms (2.100 
lb), 

Sfiacelal^ Payloads. Experiments conducted on 
Spacelab are similar tc MSL experiments, except that the 
crew can be more involved. As Spacelab missions evolve, 
ii !? expected that each will be dedicated to a specific 



bcieniific discipline, such as life sciences. envi(onme»ital 
Observations, or materials processing. Such an arrange 
mem wiu reduce flight costs and integration requirements, 
and will permit increased coordination among 
experimenters 

Recent Accomplishments 

NASA's Commercial Use of Space program seeks to 
use the weightlessness achieved in space to better 
understand physical phenomena and to control materials 
processes. NASAs strategy in this program ts to work 
upward from ground-based research (drop towers and 
drop tubes) to air and suborbital research (aircraft and 
sounding rockets) to orbital research (the Space Shuttle 
and tSpace Station). NASA also invoh/es the academic and 
industrial commur'' jes in flight experinients aimed at 
understanding processes on Earth and at developing 
processes uniquely suited to the.microgravity of space. 
Accomplishments have ranged from theoretical investiga- 
tions to large experiments aboard the Space Shuttle. 




Artist's concept of Space Station. While the Station is permanently in orbit, products from it will benefit Earth tjy providing inhabitants 
with new materials, medicines, computers, and communications 
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Vapor growth of compound-tyr/e and atloy-type Ciy^j- 
fa/s. Crystals of compounds and alloys have been grown 
by chemical vapor transport PVactical apphptions of this 
experiment could improve serrtconductor technology for 
the electronics industry. 

Contalnerless processing of glass. Glass sampler 
have been injected into a furnace, positioned by acoustic 
pressure, melted, and cooled. This containerless process- 
ing metfjod can used to.better understand glass 
formation and to improve glass for optical and electrical 
applications. 

Miscii^!ity'gap materials. Immiscible metals have been 
alloyed with the desired distribution of constituents and 
studied. An immiscible alloy is a mixture that separates 
rapidly under the effects of gravity. Before the molten 
metals solidify.-density differences cause the less dense 
metal to float on the denser metal. The miscibility problem 
for metals i| very much like trying to mix oil and water. 
Hpweyer, iri the microgravity of space, the ability to mix 
such metals rriay lead to improved structural, electrical, 
and magnetic materials. 

Continuous flow elecUophoresls. NASA plans 
continued space-based reseai;ch to refine and improve 
biological separation techniques for potential applications. 
A recent commercial experiment, the McDonnell Douglas 
continuous flow electi:ophoresis, is being watched closely 
by researchers^. The experiment offers the potential for 
commercial production ih space of biological materials, 
such-as pharmaceuticals. 



Growth of precision latex spheres. Expenments have 
demonstrated that weightless processing produces better 
formed and more uniformly sized microspheres. These 
small, uniform tatex spheres are m demand on Earth for 
use in calibrating electrori microscopes, particle counters. 
§nd aerosQl monitoring devices. The National Bureau of 
Standards has made 10-micron sized spheres^availabfe 
as calibration standards in their Standard Reference 
Material Piogram. this makes the.b€ads.produced by 
these experiments tKe first product sold that was "made in 
space." 

The Future of Microgi^vity Processing 

Over the next 15 years, space-based research will 
st»'ess both scientific and comrnercial goals. Products w/' 
include crystals, metals, ceramics, glasses, and biological 
materials Processes will include containerless processing 
and fluid arid chemical transport. As research in these 
areas develops, the benefits will become increasingly 
apparent on Earth: new materials, more efficient use of 
fuel resources., new pharmaceuticals, advanced compu- 
ters and lasers, and better communications. .Dke space, 
the opportunities offered by microgravity science and 
applications are vast and are only beginning to be 
explored The NA^ priDgram will evolve over the next 
decade to take maximum advantage of our planned 
Sp e Station capability. 




Payload Specialist Dr, Byron Lichtenberg studies the behavior of fluid in microgravity. Lichtenberg uses the fluid pf)yshs module m 
the Materials Scierice Double Rack ^ ' . 



ERiO 




National Aeronautics and 
Space Administration 



Informaton Summaries 

PMS018(KSC) 

March 1987 i: 



Countdown! 

NASA Launch Vehicles and Facilities 




NX.-. . , , 

TABLE OF CONTENTS 

PAGE 

SPACE LAUNCH VEHICLES . , , ; 1 

Inactive Launch Vehicles 1 

Atlas'Agena . ?l 1 

Saturn V 1 

Saturn IB'. , T. ^ ' 2 

Titan l!l-E/Centaur .~ . 2 

Current Launch Vehicles, 2 

Delta , ; 2 

Atlas-Centaur , ^ ^ 2 

Scout ^ 3 

Space Shuttle : '3 

Orbiter ^ 4.5 

External Tank \ ^ 6 

Solid Rocket Booster ^ 6 

PROPELLANTS 7,. 

Petroleum ^ 

Cryogenic , . . , ^ 7 

Hypergolic ^ ^ \ 7 

Solid , ^ A. . 8 

FACILITIES AND OPERATIONS .[..V. ...... 9 

Shuttle Landing Facility 10 _ 

Orbiter Processing Facility , , , ^ 1^ r 

Orbiter Modification And Refurbishnjent Facility ;\ 11 

Logistics Facility ^ 12 

Solid Rocket Booster Processing 12 

Rotation Processing Buif^ng 12 

Assembly and Refurbishment Facility 12 

SURGE Buildings , : 13 

Vehicle Assembly. Building . . . 13 : 

External Tank ^ 13 

Vtnicie Assembly Building ^ 13 

Launch Control Center I5- 

Transportable Equipment 16 

Mobile Launcher Platform , . , . . 16 

Crawler-Transporter. , , ^ I7 

Payload Canister ^ 17 - 

Payload Canister Transporter ^ 17 

Crawlerway ^ 1q 

Launch Pads 39A and 39B / / ' 18 ^ 

Fixed Service Structure I3 

Rotating Service Structure , ig 

Flame Deflector 21 

Slidewire 21 

Lightning Mast 21 

Sound Suppression Waier System 21 

Propellant Storage Facilities , 22 

43 



Information Summaries 



Space Launch Vehicles 



People and cargo are propelled 
into space by rocket power. NASA 
, usesiwq types of rockets for these 
pui poses - m^nneid.and unmanned. 
The latter, often referred to as 
expendable launch vehicles, have 
one or more powered stages. The 
manned Space Shuttle, the key 
element of the nation's Space 
Transportation^ System, or STS, is a 
unique design, and is in a class 
by itf f . 

Payload weight, destination and 
purpose determine what vehicle 
capabilttFes are required for each 
mission. A lowweight spacecraft 
designed to operate in near-Earth 
orbit might te flown aboard 
NASA's smallest space vehicle, the 
Scout. Sending a manned Apollo 
spaceciaft to the Moon required the 
massive Saturn V. The powe ful 
Titan-Centaur combination sent 
large and complex unmanned 
scientific explorers such as the 
Vikings and Voyagers to examine 
other planets. Attas Agenas jsent 
seve»'al spacecraft io impact 'the 
Moon.^ Atlas-Centaurs and Deltas 
have launched over 200 spacecraft 
for a wide variety of applications 
that cover the broad range of the 
national space program. 

Today, NASA's fleet of space 
launch vehicles include only the 
unmanned Scout, Delta and Atlas- 
Centaur, and thD manned Space 
Shuttle. 



Inactive Launch Vehicles 



Atlas/Agena 

The Atlas/Agena vyas a multi- 
purpose twO'Stage liquid propellant 
rocket. It was used to place 
unmanned spacecraft in Earth 
01 bit, or inject them into the 
proper trajectories for planetary or 
deep space probes. 

The programs in which the 
versatile AHas/Agena was utilized 
included early Mariner probes to 
Mars and Venus, Ranger photo* 
graphic missions to the Moon, the 
Orbiting Astronomical Observatory 
(OAO), and early Applications 
Technology Satellites (ATS). The 
Agena upper stage also was used as 
the rendezvous target vehicle for 
the Gemini spacecraft during this 
series of two-man missions in 
1965'1966. In preparation for the 
manned lunar landings, Atlas/Agena 
launched lunar orbiter spacecraft 
which went into orbit around the 
Moon and took photographs of 
possible landing sites. 



The Atlas/Agena stood 36.6 
meters {120 feet) high, and devel- 
•.oped a total thrust at liftoff of 
approximately 1,725,824 riewtons 
(288,000 pounds). It was last used 
in 1968 to launch an Orbiting 
Geophysical Observatory (OGp). 

Saturn V 

The Saturn V, America's most 
powerful staged rocket, carried 
out the ambitious task of sending 
astronauts to the Moon. The, first 
Saturn V vehicle, Apollo 4, was 
launched on November 9, 1967. 
Apoilo 8, the first manned flight 
of the Saturn V, was also the first 
manned flight to the Moon- 
launched in December 1 968, it 



SATURN V 
in meters 
(363 feet) 



SCOUT 
23 meters 
(75 feet) 



DELTA 
35.4 meters 
(11 6 feet) 

A 



ATLAS/ 
AGENA 
36.6 meters 
(120 feet) 



ATLAS/ 
CENTAUR 
41.9 meters 
(137.6 feet) 



TITAN lll-E/ 
CENTAUR 
48.8 meters 
(160 feet) 



SPACE 
SHUTTLE 

56 meters 
;iS4 ff-t; 



A' 



SAT5JRN IB 
63 meters 
(223 feet) 
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orbited the f on but did not land. 
Apollo 11,' nched on a Saturn V 
on July 1 1969, achieved the 
first lunar lending. 

Saturn V began its last matined 
mission on December 7, 1972, 
when it sent Apollo 17 on the final 
lunar exploration flight. It was last 
used on May 14, 1973, when it 
lifted the unmanned Skylab space 
station into Earth otbit, where it 
was occupied by three creyvs for 
a 171 days. 

All three stages of the Saturn V 
used liquid oxygen as the oxidizer. 
The first stage burned kerosene 
with the oxygen, while the fuel 
for the two upper stages was liquid 
hydrogen. Saturn V, with the 
Apollo spacecraft and its small 
emergency escape locket on top, 
stood 111 meters (363 feet) tall, 
and developed 34.5 million 
newtons (7.75 million pounds) of 
thrust at liftoff. 

Saturn IB 



The Saturn IB was originally 
used to launch Apollo lunar space- 
craft into Earth' orbit, to tr^in for 

"manned flights to the Moorl. The 
first launch sOf a Saturn IB with an 
unmanned Apono spacecraft took 
place in February 1966. A Saturn 
13 launched the first manned 
Apollo flight, Apollo 7, on October 
Vi, 196r>. 

Afttjr the completion of the 
Apollo program, the Saturn IL' 
launched three mission; to man 
the Skylab space station in 1973. 
In 1975 it ';unched the American 
crew for the Appllo/Soyuz Test 

„feoject, the joint U.S./Sovfet Union 
docking mission. 

Saturn IB was 69 meters (223 
feet) tall with the Apollo space- 
craft and developed 7.1 million 
newtons (1.6 million pounds) of 
thrust at liftoff. 

Titan lll-F.'Centaur 

The Titan lll-E/Centaur, first 
launched in 1974, had an overall 
height of 48.8 meters (160 feet). 
Designed to use the best features of 
three proven rocket propulsion 
systems, ♦his vehicle gave the U.S. 
an extremely powerful anJ versatile 
rocket for launching large space- 
craft on planetary missions. 

The Titan lll-E/CentaLi was the 
launch vehicle for two Viking 



spacecraft to Mars, and two 
Voyager spacecraft to Jupiter, 
Saturn and Uranus. It also launched 
two Helios spacecraft toward the 
Sunv All provided remarkable new 
information about our solar system. 
The Vikings ^and Voyagers pro- 
duced spectacular color photo* 
graph of the planets they explored. 

The Titan III«E booster vyas 
a twO'Stage liquid-fueled rocket 
with two large solid-propellant 
^-ockets attached. At liftoff, the 
solid rockets provided 70.7 million 
newtons (2.4 millroi; pounds) of 
thrust. 

The Centaur sta.ie, still in use 
today, produces 13c,440 newtons 
(30,000 pounds) of thrust from 
two main engine:, s,id burns for 
up to seven and one^nalf minutes. 
The Centaur can be restarted 
several times, v.-hich allows for 
more flexibility in launch times. 



Current Launch Vehicles 
Delta 

Delta is called the workhorse 
of the space program. This vehicle 
has successfully transported over 
160 scientific, weather, communi- 
cations and applications satellites 
into space. These include the 
TIROS Nimbus and ITOS satel- 
lites, and many Explorer scientific 
spacecraft. 

First launched in May, 1960, 
the Delta has been continuously 
upgradto over the years. Today 
It stands .35.4 meters (116 feet) 
tall. Its first stage is augmented^ 
by nine Caster |V strap*on solid 
propellant motors, six of which 
ignite at liftoff and three after the 
first six burn out 58 seconds into 
the flight. The average fiist*?*age 
thrust with the main engines and 
six> solid*propellant motors burning 
is 3,196,333 newtons (718,000 ^ 
pounds). Delta has liquid*fueled 
first and second stages and a 
solid'propellant third stage. For 
most launches today, this thind 
stage has been replaced by a Pay- 
load Assist Module (PAM) stage 
attached to the spacecraft. 

The new PAM upper stage is 
also used on Space Shuttle 
launches. It boosts spacecraft 
from the low Earth orLit achieved 
by ttie Shuttle orbiter ii.to higher 




ones. Many spacecraft, especially 
communications satellites, operate 
in a geosynchronous (geo« 
stationary) orbit some 35,792 kilo- 
meters (22,240^ miles) above the 
equator. With the PAM and a 
recent chapge to a inore pov^erful 
second stage, the Delta can lift* 
some 1,270 kilograms (2,800 
pounds) into a highly elliptical 
orbit, for transfer into geb» 
synchronous orbit by a motor 
built into the spacecraft. This is 
almost double the 680 kilograms 
n,50b pounds)' a Delta could 
managf only seVen years ago. 

Atlas/Centaui 

The Atlas/Centaur is NASA's 
standard launch vehicle for inter- 
mediate, pay loads. If is used for the 
launch of Earth orbital, geo- 
synchronous, and interplanetary 
missions. 

Centaur was the nation's first 
high'energy, liquid-hydrogen liquid- 
oxygen launch vehicle stage. It 
became^ operational in 1966 with 
the launch of Surveyor 1, the 
first U.S. spacecraft to, softHand 
on the Moon. 

^Since 1966, both the Atlas 
booster and. the Centaur second 
stage have undergone many 
improvements. At present, the 
combined stages can p.lace over 
4,530 kilograms (10,000 pounds) 
in low-Earth orbit, about 2,020 
kilograms (4,453 pounds) in geo- 
synchronous transfer orbit, and 
over 1,000 kilograms (2,205 
pounds) on an interplaneftary 
trajectory. 

An Atlas-Centaur stands 41.9 
meter^ (137.6 feet) tall. At lift- 
off, the Atlas booster develops over 
1.9 million- newtoiis (438,400 
pounds) of thrust. The Centaur 
second stage develops 146,784^ 
newtons (33,000 pounds) of thrust 
in a vacuum. \ \ 

Spacecraft launched by Atlas/ 
Centaurs include Ot biting Asiro- 
nomical Obsetvatories; Applications 
Technology Satellites; Intelsat IV, 
IV-A and V communications satel- 
lites; Mariner Mars orbiters; a 
Mariner spacecraft which made a 
fly-by of ^enus and three of 
Mercurv; Pionee'^ spacecraft which 
accomplished f.y-bys of Jupiter and 
Saturn, and Pioneers that orbited 
Venus and plunged through its 
atmosphere to the surface. 
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Delta and Atlas Centaur unhides are assembled, checked out an J tested at the launch pads. This contrasts \/vtth the 
mobile coricept used for Spdce_Shuitle operations at Complex 39. 
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Delta at Complex 17. 
Scout 

The Scout launch vehicle, which 
became opeiational in 1960, has 
been undeigoing systematic up- 
grading since 1976. The stai ' id 
Scout vehicle is a solid-piopehant, 
foui -stage boostei system appioxi- 
mately 23 moteis (75 feet) in 
length with a launch weight of 
21,600 kilogiams (46,620 Dounds) 
and liftoff thiust of 588,240 
newtons (132,240 pounds). 

Recent impiovements include 
and uprated thiid-stage motoi 
which incieases the Scout's payloe-d 
capability. It can now place up to 
211 kilograms (465 pounds) m tow- 
Edith 01 bit. Tho thud stage also has 
been piovided with an impioved 
guidance system. 

Ovei 100 Scouts have been 
launched to date. They have been 
used to place o vanety of U.S. and 
international r 'loads into 
Inclined, equatutial and poiai oibtts 
foi oibital, piobe and leentiy 
missions 



Space Shuttle: 

On April 12, 1981, the fiii,t 
Space Shuttle vehK i lifted off 



Atlas/Centaur at Complex 36 



fiom Launch Complex 39, Pad A, 
at the Kennedy Space Centei. Aftei 
a two-day test-flight mission that 
veiified the ciaft's ability to 
function in space, the oibitei 
Columbia »onded at Edwaids An 
Foice B^se in California. The 
Vehicle was piloted by astio- 
nauts John Young and Robeit 
Cnppen. The STS-1 mission maiked 
the fust time a new space vehicle 
had been manned on its fust 
flight, 

The Space Shuttle consists of a 
reusable delta winged spaceplane 
called the orbitei, two solid 
propellant iccket boosteis, which 
ate lecoveied and also leused, and 
an expendable external tank, con 
taming liquid propellantsr foi the 
orbitei's thiee mam engines. 

The assembled Space Shjttle is 
appioximatcly 56 meteia (184 
feet) long, 23.3 meteis ,76 feet) 
hujh (to tip of oibitei's veitical 
tatl), and 24 meteis (78 feet) wide, 
measuied acioss the oibitei's wing- 
tips. Liftoff weight of the Shuttle 
vehicle is approximately 2,041,168 
kilograms (4,500,000 pouirds). 

At laL.ich, the oibitei's thiee 
licimd-fueled engines - di awing 



piopellants fiom the external tank 
- and the two solid piopellant 
ro kei boo::eis bum simui* 
taneously. Togethei, they geneiate 
about 28,650,000 newtons 
(6,400,000 pounds) of thrust 3i 
liftoff. As the Space Shuttle jeaches 
an altitude of about 50 kilometeis 
(31 miles), the spent solids aie 
detached and paiachured into the 
ocean where they aie recoveied by 
waiting ships for eventual lefuib- 
ishment and leuse on later missions. 
The orbiter ana external tank, still 
attached to each othei, continue 
towaid Earth oibit. When the 
oibitei's main engines cut off, 
just befoie oibit is achieved, the 
external tank is jettisoned, to 
impact m a lemote ocean ai ea. 
U^mg onboaid oibital maneuvenng 
engines, the oibiiei with its ciew 
and payload acceleutes into oibit 
to canty out jn opeiational 
mission, noimally lastmg fiom two 
to seven days. 

When the mission is completed, 
the oibitei leenteis the atmospheic 
and letuins to Earth, girding to an 
unpoweied landmg. Touchdown 
speed IS above 335 kilometeis (210 
rniles) pei hour. 
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Orbiter 



Forward 
control 

Ihruslers — h 



Space radiators 




Mam gear 



/ , 

Length: 37 Meters :(122 feet) 
Taxi Height: 17.4 rrieters (57 Feet) 

Wing Span: 24 meters (78 Feet) 

Landing Weight: (Variable - About 90718 kilograms (200,000 pounds) 

MAIN ENGINE THRUST: 1,668,000 newton$ (375,000 pounds each at sea level) 

t Cargo Bay: 18.3 meters (60 feet) along 

f 4.6 meters (15^feet) wide 

P«(yload Weight: 29,500 kilograms (65,000 pounds)-up 

14,515 kilogram^ (32,000 pounds) down 

(All Figures Approximate) 
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External Tank 



I 4I1: 47 meters ('14 feet) 
DuiTieter: 8.4 meteiv (27.5 feet) ^ 
LOX Tank: 529,000 Liters (140,000 Gallons) 
LH2 Tank: 1,438,300 Liters (380,000 Gallons) 
(All Figures Approximate) 



integral 

SRB Stringers 
f oriN-ard Attachment 



Orbiter Aft 
Attachment 



Orbiter 

Forward 

Attachment 



Intertank 
Umbilical 
Plate 



Propellant Feed, 
Pressurization Lines 
and Eitctricat 
Umbiliciis 



LOX Slosh 
Baffles 



LOXVent 
Valve and 
Fairing 





Rocket 
Booster 



Length: 45.4 meters (149.1 feet) 
• Diameter: 3.7 meters (12.2 feet) 
Weight: 589,670 kilograms (1,300,000 pounds) 
Thrust: 11,787,000 newtons 
(2,658,000 pounds) 

(All Figures Approximate) 




Nose Cap (includes Pil&t and 
Drogue Parachutes) 

Four Booster Separation Motors 

Frustum (Includes 3 Mam Parachutes) 

Ordnance Ring 

' Forward Skirt 
(Includes Guidance Gyros) 

-Solid Rocket Motor 
(Forward Segment) 



-Solid Rocket Motor 
(Forward Center Segment) 



.Solid Rocket Motor 
(Aft Center Segment) 

External Tank Attach Ring 

Solid Rocket Motor (Aft Segment) 
Four Booster Separation Motors 
Aft Skirt (Includes Steering System) 

Nozzle Extension (Cut 
off Before Ocean Impact) 
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Propeliants . 



Sir Isaac Ntwton ^^ated his 
Third Law of Mvition ti>at "overy 
action is accompanied by an 
equal and opposite rcdCtion." A 
rocket operates on this principle. 
The continuous ejection of a 
stream of hot gases in one direc* 
tion causes a steady motion of 
the rocket in the opposite 
direction. 

A jet aircraft operates on the 
same principle, using oxygen in the 
atmosphere to support combustion 
of its fuel. The rocket engine is 
designed to operate outside the 
atmosphere, and so must carry its 
own oxidizer. 

The gauge of efficiency for 
rocket propeliants is specific 
impulse, stated in seconds. The 
higher the number, the "hotter" 
the propellant. 

Stated most simply, specific 
impulse is the period in seconds 
for which a one pound mass of 
propellant (total of fuel and 
oxidizer) will Produce a thmst of 
one pound force. Although specific 
impulse is a characteristic of the 
propellant system, its exact value 
will vary to some extent with the 
operating conditions and design of 
the .ocket engine. It is for this 
reason that different numbers are 
often quoted for a given propellant 
or combination of propeliants. 

NASA launch vehicles use four 
types of propeliants: petroleum, 
cryogenics, hypergollcs and solids. 

Petroleum: 

The petroleum used as a rocket 
fuel is a type of kerosene similar 
to the kind burned in heaters and 
lamps. However, that used for 
rocket fuel is highly refined, and 
is called RP-1 (Refined Petroleum). 
It is burned with liquid oxygen 
(the oxidizer) to provide thrust. 

RP— 1 is used as a fuel in the 
first stage boosters of trie Delta and 
Atlas*Centaur rockets. It also was 
used to power the first stages of 
the Saturn IB and Saturn V. RP-1 
delivers a specific impulse consid 
erably less than cryogenic fuels. 



Cryogenics v 

Cryogenic propeliants used are 
liquid oxygen (LOX), which serves 
as an oxidizer, and liquid hydrogen 
(LH2), which is a fuel. The word 
cryogenic is a derivative of the 
Greek 'kryos, meaning "ice cold." 
LOX remains in a liquid state at 
temperatures of —183 degrees 
Celsius (-298 degrees Fahrenheit); 
LH2 remains liquid at temperatures 
of -253 degrees Celsius (-423 
degrees Fahrenheit). 

In gaseous iom. oxygen and 
hydrogen hav^ such low densities 
that extremely large tanks would' 
be required to store them aboard 
a rocket. But cooling and com- 
pressing them into liquids vastly 
increases their density, making U 
possible to store them in large 
quantities in smaller tanks. 

The distressing tendency of 
cryogenics to return to gaseous 
form unless kept super*cool makes 
them difficult to store over long 
periods of time, and hence less 
than satisfactory as propeliants 
for military rockets, which must 
be kept launch-ready for months 
at a time. 

But the high efficiency of the 
liquid hydrogen/liqUid oxygen com* 
bination makes the low tempera* 
ture problem worth coping with 
when reaction time and storability 
are not too critical. Hydrogen has 
about 40 percent more "bounce 
to the ounce" than other rocket 
fuels, and is very light, weighing 
about one-half pound per gallon. 

Oxygen is much heavier, weigh* 
ing about 10 pounds per- gallon. 

The RL-10 engines used by 
Centaur, the United States' (and 
the world's) first liquid hydrogen 
rocket stage, have a specific impulse 
of 444 seconds. The J-2 engines 
used on the Saturn V second and 
third stages, and on the Saturn IB's 
second stage, afso burned the LOX/ 
LH2 combination. They had spe* 
cific impulse ratings of 425 
seconds. 

For comparison purposes, the 
liquid oxygen/kerosene combi 
riatton used in the cluster of five 
F-1 engines in the Satuni V first 



stage had specific impulse ratings 
of 260 seconds. The same pro* 
pellant combination used by the 
booster stage of the Atlas*Centaur 
rocket yields 258 seconds in the 
booster engine and 220 seconds 
in the sustainer. 

The high efficiency engines 
aboard the Space Shuttle orbiter 
use liquid hydrogen-oxygen and 
have a specific impulse rating of 
455 seconds. The two liquid 
propeliants also are used by the 
orbiter's fuel cells to produce 
electrical power through a pro- 
cess best described as electrolysis 
in reverse. 

Liquid hydrogen and oxygen 
burn clean, leaving a by*product 
of water vapor. 

The rewards for mastering LH2 
are substantial. The ability to use 
hydrof/en means that a given 
mission can be accomplished with 
a smalle/ guantity of propeliants 
(and hence, a s.naller vehicle), 
or, alternately, that the missic 
can be accomplished with a larger 
payload than is possible with the 
same mass of conventional pro- 
peliants. In short, hydrogen yields 
a bigger bang for the buck. 

Hypergollc: 

Hypergolic propeliants are fuels 
and oxidizers which ignite on 
contact yvith each other and need 
no ignition source. This easy 
start and restart capability makes 
them attractive for both manned 
and unmanned spacecraft maneu* 
vering systems. Another plus is 
their storability — they do not 
have the extreme temperature 
requirements of cryogenics. 

Ti\e fuel is monomethyl* 
hydra4.ine (MMH), and the oxidizer 
I:, ^itroben tetroxide (N204), 

Hydrarine is a clear, nitrogen/ 
hydrogen compound with a "fishy" 
smell. It's similar to ammonia. 

N204 is a brownish fluid vyhich 
might l described as a super 
nitric acid. It has the sharp, acrid 
smell of many acids. Both fluids 
are highly toxic, and are handled 
under the most stringent safety 
conditions. 
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Facilities and Operations 



NASA conducts launch opcr 
actons for its current stable of 
faunch vehicle at several sites across 
the country. The Scout rocket is 
launched by the Langley Research 
Center from facilities at Vanden* 
berg Air Force Base in California, 
and from the Wallops Flight 
Facility on the east coast of 
Virginia. Visiting teams from Italy 
occasionally launch Scouts from 
San Marco, a man*madc platform 
in the ocean off the east coast 
of Africa. 

The Kennedy Space Center, the 
nation's primary launch organi- 
zation, prepares and launches 
unmanned Deltas and Atlas*Centaur 



rockets from facilities at Com* 
plexes IT-wid 36 on Cape CaYiaveral 
Air Force Station. Florida. Manned 
Space Shuttle launches are con* 
ducted from Launch Complex 39, 
located at the northern tip of 
Cape Canaveral. 

The Complex 39 facilities at 
Kennedy Space Center originally 
were built to support the Apollo 
Lunar Landing Program. From 
1967 to 1975, 12 Saturn V/Apollo 
vehicles, one Saturn V/Skylab 
workshop, three Saturn IB/Apollo 
vehicles for the Skylab crews, 
and one Saturn IB/Apollo for the 
joint U.S.'Soviet Apollo-Soyuz 
mission were launched from Com* 



plex 39. These facilities then were 
modified to process and launch 
the Space Shuttle. Reworking 
existing facilities was far less 
expensive than building all new 
structures. Two major new addi- 
tions were added^ — a special 

runway to land returning orbiters 
and an orbiter checkout hangar 
called the Orbiter Processing 
Facility. During the 1980s, a 
number of new facilitie:; were 
added for solid rocket booster 
ptocessing and Shuttle logistics. 

These facilities, and how they 
support Space Shuttle operatic »s, 
arc explained on the f- .v ng 
pages. 




Launch Complex 39, Kennedy Space Center. 
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An orbher in the Mate/Demate Device has just been lifted from ihe 747 
CBTier aircraft used in ferry operations. 
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Shuttle Landing Facility 

When an operational Space 
Shuttle orbiter returns to Earth 
from its mission in space and lands 
at the K*»nnedy Space Center, it 
touches down on one of the world's 
longest runways. This facility is 
located two miles northwest of the 
Vehicle Assembly Building, on a 
northwest/southeast alignment. 

The Shuttle Landing Facility run- 
way is about twice the length and 
width of those used at commeicial 
airports. It is 4,572 meters ! 15,000 
feet) long. 91.4 meters (300 feet) 
wide, and 40.5 centimeters (16 
inches) thick at the center. Safety 
overruns of 305 meters (1,000 
feet) arc provided at each end. 
The runway is not perfectly flat, 
but has a slope of 61 centimeters 
{24 inches) fiom the centerline to 
the edge. Small gioovcs, each 0.63 
centimeter (0.25 inch) wide and 
deep, have been cut into the con- 
crete every 2.85 centiineters (1.25 
inches) acioss the runway. Thei. 
arc a total of 13.600 kilometcis 
(8,450 miles) of these giocves. 
Together with the slope of the con 
creie they piovidc rapid dram off 
of rain, as well as a moie skid 
resistant surface. 

A 168 meter (550 foot) by 149 
metei (490 foot) aiiciuft apton, oi 
ramp, i$ dttached to the runway 
neai thu southeastern end« The 
Mate/Demate Device, which lifts 
^he orbitei for attachment to or re- 
moval from its 747 carnet o.iciaft 
duimg fcny opeiations, \i> ioCdted 



on the northeast corner of the 
ramp. It also provides movable 
platforms for access to certain 
orbiter components 

A Tactical Air Navigation 
(TACAN) station is locatej(j at mid 
field off the east side of the run- 
way. This IS a homing transmitter 
that broadcasts a signal receivable 
by the orbiter. The TACAN has a 
range of 483 kilometers (300 mites) 
and IS received when the space- 
ciaft emerges from the re-entry 
blackout period. The final approach 
is guided by a precision Microwave 



Scanning Beam Landing System, 
which IS accurate to within 99.33% 
in bringing the orbiter to the desig- 
nated point on the runway. 

Unlike conventional aircraft, t^^ 
orbiter lacks propulsion during the 
landing phase. Its high-speed glide 
must bring it in for a landing 
perfectly the first t* te — there is 
no circle and-try agi: » capability 
The landing speed of the orbiter is 
346 kilometers (215 miles) per 
hour. 

Lanoings may be made on the 
runway from the northwest to 




An orbiter. 747 combination touching dowr\ on the extra long runv^ray at the Shuttle Landing Facility. 
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facturing facilities in Catifornia. 

Logistics Facility 

This modern, 30,159 square 
meter (324,640 square foot) facil- 
ity is located south of the Vehicle 
Assembly Building and houses some 
190,000 shuttle hardware parts 
and over 500 NASA and contractor 
personnel. A unique feature of the 
building is its state-of-the-art stor- 
age and retrieval system which 
includes automated handling equip- 
ment to find and retrieve specific 
parts. 

Solid Rocket Booster Processing 

Following a Space Shuttle 
launch, the expended solid rocket 
boosters parachute into the ocean. 
They are retrieved by recovery 
ships and towed back to facilities 
on Cape Canaveral Air Force 
Station for disassembly and clean- 
ing. The empty propellant-carrying 
segments are transferred to booster 
processing facilities at Complex 39, 
where they are prepared for ship- 
ment by rail to the manufacturer 
for propellant reloading. The re- 
maining solid rocket booster com- 
ponents are taken to an assembly 
and refurbishment area adjacent to 
Complex 39 for reconditioning, 
. assembly and testing. 

The solid rocket booster launch 
processing flow is as follows: 

Rotation Processing BuHding: 
Located jusj^-north of the .ehicle 
Assembly Building, this facility 
receives new and reloaded solid 
rocket booster segm?nt$ - aft, 
aft center, foi^/vard and forward 
center - shipped by rail from the 
manufacturer Here, inspection, 
rotation and aft skirt/aft segment 
buildup aie performed. 

Assembiy and Refurbisf)ment 
Faciiity: This facility, located sev- 
er.al miles south of the Veiiicle 
Assembly Building covers 45 teres 
and consists of four main buildings 
- Manufacturing, Engineering, and 
Administration, Service, and Hot 
Fire. Inert booster components 
such as the aft and forward skirts, 
fiustums, nose caps, recovery 
systems, electronics and instru- 
mentation, and elements of the 
thiust ^ecXoi control system are 
received, ufurbtshed, assembled 
and tested. Completed aft skirt 




Assembiy of ttie Space Siiuiiie fitgttt components takes piace in Higfi 
Bays J or 3 of tf)e Vefiicie Assembiy Buiiding, One af tiie Siiuttie's two 
soi/d roci^et boosters is being staci^ed on tiie l^obiie Launctier Piatfornt. Ttie 
extemai tani< wiii next be mated to tiie boosters. 
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assembMes are transterred to the 
Rotation Processing Building for 
iptegration with the aft segments. 
The remaining components aie 
Integrated with the booster stack 
during mating operations inside 
the Vehicle AstsdmblyBuildjng. 

SURGE Buildings (2): Each of 
these facilities are used to store 
two solid rocket booster flight 
sets {eight segments) after transfer 
from the adjacent Rotation Pro- 
cessing Building. They remain here 
until moved to the Vehicle 
Assembly Building for integration 
with other flight-ready booster 
components from the Assembly 
and Refurbishment Facility. 

Vehicle Assembly Builimy. All 
booster elements are integrated 
here into complete flight sets and 



mated with (he Space Shuttle 
orbFter and external tank. 

External Tank 

The external tank is transported 
by bai^e from Its manufacturing 
site at Michoud, Louisiana, to 
Kenr-iedy Space Center- It is off- 
loaded at the Complex 39 turn 
basin and transferred into the 
Vehicle Assembly Building where 
It is processed and stored in the 
high bay area until mating with 
the other Space Shuttle flight 
elements. 

The externa! ^ank is the 
largest element of the Space 
Shuttle system* It contains two 
inner tanks which hold the liquid 
oxygen and liquid hydrogen pro- 
pellants that are fed into the 



orbiter's main engines during the 
ascent phase of launch. It is the 
only Space Shuttle component 
that is not recoverea and reused. 

Vehicle Assembly Building 

After preparation in the Orbiter 
Processing Facility, the orbiter Is 
towed to the Vehicle Assembly 
Building. This is the heart of 
Launch Complex 39 and has been 
modified for use in assembling the 
Space Shuttle vehicle. 

One of the largest buildings in 
the world, the Vehicle Assembly 
Building covers a ground ar§a of 
32,376 square meters {eight acres) 
and has a volume of 3,624;000 
cubic meters {129,428,000 cubic 
feet). It is 16Q meters {525 feel) 
tall, .118 meters (716 feet) long and 




The external tank rests on its trailer m the transfer aisle of the Vehicle Assembly Building after arriving,at the 
Kennedy Space Center by barge. 
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15B meters {518 feet) wide. The 
building is divided into a higli bay 
area 160 meters (525 feet) tall, and 
a low bay area which is 64 meters 
(210 feet) tall. 

The structure is designed to with- 
stand winds of up to 200 kilometers 
{125 miles) per hour. Its founda- 
tion rests on more than 4,200 steel 
pilings 40 centimeters {16 inche?) 
In diameter, driven down to bed- 
rock at a depth of 49 meters {160 
feet). 

The Vehicle Assembly Building 
has more than 70 liftmg devices. 
Including two 227 metric ton {250- 
ton) bridge cranes^. 

The Low Bay aiea contains 
Space Shuttle main engine main- 
tenance and overhaul shops, and 
serves as a holding area for solid 
rocket booster forward assemblies 
and aft skirts. 

High Bays 1 and 3 are used for 
integration and stacking of the 
complete Space Shuttle vehicle. 
High Bay 2 is used for external 
tank checkout and storage and as 
a cpntingency storage area for 
orbiters. High Bay 4 also is used 
for external tank checkout and 
storage, as well as for payload 
canister operations and solid rocket 
booster contingency handling. 

During Space Shuttle buildup 
operations inside the Vehicle 
Assembly Building, integrated solid 
rocket booster segments are trans- 
ferred from nearby assembly and 
checkout facilities, hoisted onto a 
Mobile Launcher Platfrrm in High 
Bays 1 or 3 and mjted together 
to form tv;o complete solid rocket 
boosters. The external tank, after 
arrival by barge, and subsequent 
checkout, inspection and storage in 
High Bays 2 or 4, is transferred 
to High Bays 1 or 3 to be attached 
to the solid rocket boosters already 
in place. The orbiter, the final 
element to be added, is towed from 
the Orbiter Processing Facility 
to the Vehicle Assembly Bunding 
transfer aisle, raised to a vertical 
position by overhead oranes, 
lowered onto the Mobile Launcher 
Platform and mated to the re^t of 
the stack. 

When assembly and checkout 
operations are complete, the huge 
outer doors of a high bay open to 
permit the Crawler Transporter to 
enter and move under the Mobile 
Launch'-r Platform holding the as- 




After being towed into ttie Vetilde Assembiy BuMng the arbiter iS raised 
to tile verticai position and Hfted into tiie fugfi bay by bndge crane for 
mating witfi tiie ex' irnai tan/<. 
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The Mobile Launcher Platform and assembled Space Shuttle on the Crawlerway. 



Transportable Equipment 

The Mobile Launcher Platform 
K a st^el stiuc^uie 7.6 meu^is (25 
ff>et) high, 49 meteis (160 feet) 
long, dnd 41 mttois (13b feet) 
WKit* It selves as a tianspoi table 
launch has»' for the Space Shuttle 
ThM platfoim fs constiucted of steel 
up to 15 centimetots (six inches) 
thick At then parking sites north 
of the Vehtcle Assembly Butldmg, 
m the high bays, and dt the launch 
pads. iht» two Mobile Launches 
Piat^oirns jf'St on six 6 7 m«5tei 
(22 foot) tall pedfstals Therf are 
thiee openings through the mam 
body of a platform Two an* for the 



exhaust of tht sohd locket boost 
ers, and the thud the one the 
centei is for the Shuttle mam 
engines exhaust , 

Two iaige devices called Tail Sei 
vice Masts sit on each side of the 
Space Shuttle oibttei mam engines 
exhaust hole. They piovide several 
umbilical connections to the 
oibitei. including a liquid oxygen 
line lunning through one and a 
liquid hydiogen Ime thiough the 
other These cryogenic piopellarus 
are fed mto the external tank tiom 
the pad tanks via th^se connecfons 
At launch the umbihcals are pulled 
av/ay ftom the oibitei ahd ifMiact 
into th ' mdsts, vvh'^H* piotective 



hoods rotate closed to shield th.-^m 
fi jm the exhaust flames. Each Tail 
Seivtce Mast assembly is 4.5 meteis 
(15 feet) long, 2J meteis (nine 
feet) wide, and uses 9.4 meters 
(31 feet) above the platfoim deck. 

The Hydrogen Buinoff Systf^m 
consists of two 1.5-metei (5'foot) 
long booms, one suspended fiom 
t»ach Tail Seivrce Mast. Each boom 
co/uains foui flaie-hke devices, 
which are designed to bum off gas 
horn a pie ignition flow of liquid 
hyd*ogen thiough the mam engines. 
ThK K to keep a cloud of exce^;:. 
gd'.»"iius hydi oqen f i om f oi n;mg, 
which rciuld f^xplode upon lunition 
of {hr mam f*fujmeK 
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The Pay load Canister in the vertical position on iti transporttn , 



The Space Shuttle is supported 
and held on the Mobile Launcher 
Platform by eight attach posts, four 
on ^he aft skirt of each of the two 
solid rocket boosters. These fit on 
counterpart posts located in the 
platform's two solid rocket bboster 
suppoit wells. The vehicle is freed 
by triggering explosive nuts which 
lelease the giant studs linking the 
solid lOcket booster attach posts 
with the platform support posts. 

There are two inner levels in 
each Mobile Launcher PLtform, 
with various rojms that house elec- 
trical, test, and propellant loading 
equipment. Unloaded, a Mobile 
Launcher Platform weighs 3.7 
million kilograms (8.23 million 
pounds)* 

The two Crawler-Transporter 
tracked vehicles were previously 
used to move Saturn rockets from 
the Vehicle Assecnbly Building to 
the launch pad. The transporters 
are 6.1 meters (20 feet) tall, 40 
mjters (131 feet) long and 35 
meters (114 feet) wide. The maxi- 



mum speed unloaded Is 3.2 kilo* 
rheters (two miles) per hour, while 
maximum speed with the load of 
the Space Shuttle Is 1.6 kilometers 
(one mile) per hour, A. crawler has 
eight tracks, each oif which has 67 
shoes^ or cleats. Each shoe weighs 
approximately one ton. Unloaded,, 
the tiansporter weighs 2,857,680 
kilograms (6.3 million pounds). 

The transporters have a leveling 
system that will keep the top of 
the Space Shuttle vertical while 
negotiating th6 five percent grade 
leading up to the top of th? launch 
pad. 

The transporter is powered by 
two 2,750-horsepower diesel en- 
gines. The engines drive four 1,000- 
kilowatt generatbrs which provide 
electrical power to the 16 traction 
motors. 

The Payload Canister provides 
restraint and protection to the 
various Shuttle payloads while 
in transit from payload processing 
or assembly facilities to. either the 
launch pad (vertically handled pay- 



loads) or Orbite Processing Facih 
ity (horizontally handled payloads). 
The canister Is 21^ metei^ (69 feet) 
- long, 6.4 meters (2V feet) wide and 
6.4 meters (21 feet) high, 

Thq \canistcr is (riade to physi- 
cally resemble the cargo 4}a,y of 
the orbiter. 'It can accommodate 
payloads up to 18.3 meters (60 
feet) long, 4.5 meters (IE feet) In 
diameter, and up to 29,481 kilo- 
gt-ams (65,000 pounds) in weight. 
It provides environmental control 
and protection to payloads while in 
transit, and can supply certain 
needed support services such as gas 
purges and monitoring of critical 
measurements. 

The Payload Canister Transpor* 
ter is a 48-vvheel self-propelled 
truck designed to transport the can- 
ister and ' its associated hardware. 
The transporter rides on rubber 
tires and is designed to operate on 
norma! hard road surfaces. It is 
19.8 meters (65 , feet) long and 7 
meters (23 feet) wide. Its elevating 
flatbed' has a height of 1.8 meters 
(6 feet); but can be lowered to 1.6 
meters (5 feet 3 inches) or raised 
lO 2.1 meters (7 feet). Its wheels 
are independently steerable and 
permit the, transporter to move for«- 
vyard, backward, or sideways; to 
"crab" diagonally; or to turn on its 
own axis like a carousel. 

The transporter is driven by a 
hydraulic ^system powered by n 
liquid'cooled diesel engine. How- 
ever, when within a spacecraft facil* 
ity the transporter runs on an elec- 
tric motor using ground power. 

The bare transporter vve'^ghs 
63,500 kilograms (140,000 
pounds). With a full load of diesel 
fuel, the environmental control sys- 
tem, communications systems, and 
othei equipment and instrumenta- 
tion mounted on it, the transporter 
has a gross weight of 77,309 kilo 
grams (170 *"''9 pounds). 

The transporter h steerable from 
diagonally opposed operatoi cabs 
or each end. Its top speed unloaded 
Is 16 km/h (10 mph), but fully 
loaded it is 8^ km/h (5 mph)< 
Because payload handling will 
require precise movements, the 
transporter has a "creep" mode 
that permits it to move as slowly as 
0.023 km/h (0.014 mph). The 
transporter can carry the payload 
canister in either the horizontal 
or vertical position. 
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The Crawler Transporter can lift the Space Shuttle on its Mobile Launcher Platform and move it from the Vehicle 
Assembly Building to the launch pad. 



Crawlerway 

The Ciuwler-Tianspoiters move 
on a loadwav 40 meters (130 feet) 
wide, almost as bioad as an eight- 
lane turnpike. The crawlerway con- 
sists of two 12-meter (40-foot) 
wide lanes, separated by d JS meter 
(50 foot) wide median ship, that 
run from the Vehicle Assembly 
Building to the launch pads. The 
too suiface on which the trans- 
poiters operate is river gravel. This 
giavel layer ts 20 centimeteis 
(eight inches) thick on cuives and 
half that on the straightaway sec 
tions. The distance from the 
Vehicle Assembly Building to Pad 
39A is about 5.6 kilometers (3.5 
miles), and to Pad 39B, 6.8 kilo- 
meters (4.25 miles). 

Launch Pads'39A And 39B 

The Launch Complex 39 pads 
are loughly octagonal in shape. 
Each covers about 0.64 square kilo 
meter (0.25 square mile) of land, 
contained within a high chain link 
fence. Space Shuttles are launched 
from the top of the concrete hard 
stand in the center of the pad. The 
Pad A stand is 14.63 meteis (48 
feet) above sea level at its top, and 
Pad B is 16.76 meters {55 feet). 
The top of each pad measures 119 



meters (390 feet) by 90 meteis 
(325 feet). The two. major items of 
equipment on each pad aie the 
Fixed Seivice Structure and the 
Rotating Service Structure. 

The Fixed Service Structure is 
located on the west side of the 
hjrdstand. A nommerhead crane on 
too pro^des hoi&ting services as re- 
quired in pad operations. There are 
12 work levels at six-metei (20- 
foot i-nuervals. The height of the 
structure to the top of the tower is 
7-^ meters (247 feet), to the top of 
tl , lammerhead cranti 81 meteis 
(265 feet), and to the top of the 
lightr ing mast 106 meters (347 
feet). 

Sv^ingarms on the Fixed Ser- 
vice Structuie provide access to 
the orbiter for crew and equifD- 
ment. The Orbiter Access Arm 
swings out to the crew compart- 
ment to provide peisonnel dccess. 
The outer end of this arm supports 
a small room, holding up to 6 per* 
sons, commonly called the "White 
Room." It mates vvith the crew 
hatch, This arm-remains in the ex- 
tended position until seven minutes 
prior to launch, to provide an emei- 
gency exit foi the crew should one 
be needed. It is 20 meters (65 feet) 
long, 1.5 meters (5 feet) wide, and 
2.4 meters (8 feet) high. The Or- 



biter Access Aim is attached to the 
Seivice Structuie at the 44.8-meter 
(147-foot) level. It rotates to its 
retracted position in appioximately 
30 seconds. 

The ExternJ Tank Gaseous 
Oxyge i Vent Arm lowers a hood, 
called the beanie cap, over the top 
of the Shuttle's external fuel tank. 
Heated gaseous nitrogen is pumped 
into the hood to warm the liquid 
oxy.gen vent system at the top of 
the external tank. This prevents 
vapois at the vent opening from 
condensing into ice that could dis 
lodge and damage the orbitei 
during launch. The vent system aim 
|s 24.4 meters (80 feet) long, 1.5 
meters (5 feet) wide, and 2.4 
meters (8 feet) high. The dlametei 
of the vent hood is 4 meters (13 
feet). The arm is attached to the 
Fixed Seivice Structuie between 
the 63.1'metei (207-foot) and 69.2- 
meter (227-foot) levels. The arm 
and its hood can be retracted- in 
about one minute and 30 seconds. 
They are in the fully setracted 
position at appioximately 45 sec- 
onds prior to launch. 

The External Hydrogen Vent 
Line Access Arm provides a means 
of mating the external tank umbili- 
cals to the pao facihties, and piu- 
vides wo kXOss to the tank aiea. 
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This atm retracts seveial hour.s be 
fore launch, leaving the umbilicals 
attached. At the moment the solid 
rocket boosters ignite, theseumbili 
cals eject from the Shuttle and fall 
back against the tower, where they 
aie protected from engine flame by 
a curtain of sprayed water. This 
aim is 15 meters (48 feet) long, and 
attached at the 51-meter (167-foot) 
level. 

The Rotating Service Structure 
provides access to the orbiter foi 
installation and servicing of payloads 
at the pad. It pivots through one- 
third of a circle, from a retracted 
position well away from the Shuttle 
to the point where its payload 
changeout room doors meet and 
match the orbitei cargo bay doors. 
It rotates around a vertical hinge 
attached to one corner of the Fi)<ed 
Service Structure. Most of its body 
is some 18 meters (59 feet) above 
the pad, supported Dy the hinge 
and a structural framework on the 
opposite end. This framework rests 
on two eight wheel motoi driven 
trucks, which ride on rails installed 
with the pad suifacc. The lotatmg 



body is 31 meters (102 feet) long, 
15 meters (50 feet) wide, and 40 
meters (130 feet) high. 

The primary purpose of the 
Rotating Service Structure is to 
receive Space Shuttle ,^payloads 
while in the retracted position, ro- 
tate, and install them in the orbiter 
cargo bay. With the exception of 
the Spacelab and other large 
horizontal payloads, which are 
loaded while the orbiter is in the 
Orbiter Processing Facility, all 
spacecraft ate loaded , into the 
Shuttle at the pad. The payload 
changeout room provides an 
envii onmentally clean or "white 
room " condition in which to 
receive payloads from their pro 
tective transportation canisteis, and 
maintains this cleanliness, by never 
exposing the spacecraft to the open 
air during the transfer operations. 

In , operation, a canister is 
hoisted to the proper elevation in 
the retracted Rotating Sei vice 
Stiucturc and locked into position. 
The environmental seals in the 
^ Rotating Service Stiucture are 
inflated against the sides of the 



c<jnister. The space between the 
closed doors of the Rotating 
Service Structure and ^the. canister 
are purged with clean, tempeiature 
and humidity^controlled air, after 
which the doors may be opened. 
The payload is then transferred 
from the canister into the Rotating 
Service Structure, the canister and 
Rotating Service Structure doors 
are closed, the environmental seal is 
deflated^ and the canister is lowered 
to its transporter to be taken off 
the pad. The Rotating Service 
Structure rolls into position to 
enclose the orbiter's payload bay, 
re-establish'ng the environmental 
seals and clean air pUrge. The 
Rotating Service Stiucture and 
payload bay doors are then opened 
so that the payload may be 
installed. 

A Weather Protection System 
at Pads A and 6 shields the orbiter 
from windblown debris, heavy rains 
and hail that could damage the 
craft's fragile heat protection tiles. 
A considerable portion .of the 
orbiter is shielded by the Rotating 
Service Structure and its attached 






Pad 39A, with its Fixed and Rotating Sen/ice Structures, prepares to accept the Si^ace Shuttle on its 
Mobile Launcher Platform. The Shuttle is being carried up the pad ramp by the Crayjier-Ttansporter. 
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.Payload Changeout Room which 
closes in around ihe vehicle while 
on the pad. The Weather Protection 
System fills in the gaps. 

Proteqtior^ for the lower portion 
of the orbiter is provided by metal 
doors that slide together between 
the orbiter's belly and the external 
tank. The doors, measuring up to 
16 meters 153 feet) long, 11.6 
meters (38 feet) tall and weighing 
up to 21 metric tons {46,000 
pounds), are connected to the 
Rotating Service Structure and the 
Fixed Service Strucluie. The doors 
move together from opposite sides 
on wheeled flanges that ride on 
steel beams. 

The top of the orbiter is pro- 
tected by an inflatable seal that 
extends from the Payload Change- 
out Room, formmg a semi-circle 
covering 90 degrees of arc between 
the vehicle and the externa! tank. 
A series of 20 or more bi-fold 
metal doors, about 24.4 x 1.2 




Attached to the top of the. Fixed Service Structure is the gaseous oxygen 
vent hood on its swingarm. Underneath, the external tank hydrogen vent 
line and access arm allovvs mating of umbilicals and access to the intertank 
interior. 




The Payload Canister is lifted from its transporter into the cradle of the Rotating Service Structure. 

63 . 
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mt .IS (80 X 4 feet) in Size, fold 
out from the Payload Changeout 
Room on the Rotating Service 
Structure to cover the side areas 
between the external tank apcjl the 
orbiter. 

The Flame Deflector System 
protects the vehicle and pad struc- 
tures from the intense heat of 
launch. It is located in the ground 
level flame trench that bisects the 
hardstand. A flame deflector func* 
tlons by presenting an inverted 
V-shape to the flames pouring into 
the trench through openings in the 
MoWie Launcher Platform' Both 
sides of the upside-down V curve 
out near the bottom until they are 
almost hotizontal. Flames follow 
these cujve$ and are deflected hori- 
zontally down tne flame trench, 
rather than bouncing back up to 
envelop the vehicle. 

The flame trench divides the 
hardstand lengthwise fiom ground 
level to the pad surface. It is 149 
HTieters (490 feet) long, 18 meters 
(58 feet) wide, and 1? meteis (40 
feet) high. At launch, flames shoot 
out both ends of the trench into 
the air. The deflector for the Space 
Shuttle is actually a two-in-one 
device, where one side of the inver- 
ted V receives the flames from the 
orbiter's main engines, and the op- 
posite side the flames fiom the two 
solid rocket boosteis. It is fixed 
near the center of the trench, and 
extends completely across it. 

The 01 biter and booster deflec- 
tois are built of steel and covered 
with an ablative material about 
13 centimeters (five inches) thick 
that flakes off to shed heat. They 
weigh over 453,592 kilograms (one 
million pounds) each. 

In addition to the fixed deflec* 
tors, tftere are two movable ones 
located at the top of the trench, for 
additional protection from the solid 
rocket booster flames. 

The Slidewire System provides 
an escape route for the astronauts 
and closeout crew until the final 30 
seconds of countdown. Five slide- 
wires extend from the Fixed Ser- 
vice Structure at the Orhiter Access 
Arm level down to the ground. A 
flat-bottom basket made of steel 
wire and heat resistant fiber is sus- 
pended from each of five wires and 
positioned for entry in event of 
emergency. Each basket can hold 
two Htrsons. The basket slides 
down a 366-meter (1,200 foot) 



wire to a bunker located west of 
the Fixed Service Structure. The 
dticent takes approximately 35 sec> 
onds and is controlled by a fric 
tion t^rake between the basket and 
the wire. 

The Lightning Mast extends 
above the Fixed Service Structure 
and provides a "cone of protec- 
tion" over the vehicle and pad 
structures. The 24 mev*er (SO-foot) 
tall fiberglass mast is grounded by a 
cable jvhich starts irotxi a ground 
anchor 335 meters (1,100 feet) 
south of the Fixed Service Struc- 
ture, angles up and over the light- 
ning mast, then extends back oovm 
to a second grqund anchor tha same 
distance to the north. The mast 



functions as an electrical insulator, 
holding thp cable away from the 
tower. The mast with its accom- 
panying support structure extends 
30 meters (100 feet) above the 
Fixed Service Structure. 

A Sound Suppression Water 
System has been installed on the 
pad to protect the o.^-biter and its 
payloads from damage by acoustical 
energy reflected from the Mobile 
Launcher Platform during launch. 
The Shuttle orbiter, with its pay- 
loads in the cargo hold, is much 
closer to the surface of the Mobile 
Launcher Platform than was the 
Apollo spacecraft at the top of 
a Saturn V or Saturn IB. rocket. 

The sound suppression system 




Astronauts Paul Weitz and Karol Bobko participate in the Emergency Egress 
Training on the slide wire at Pad 39 A. 
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The rambirds begin to place a cushion of water on the Mobile Launcher Platform to prevent reflection of acoustical 
energy from the platform's steel structure. Fresh water stored in the elevated tank flows through a valve network 
(upper left) to achieve proper pressure. It then flows through the giant pipes to the rambirds. 



includes an elevated v;atei tank 
with capacity of 1,135,550 liters 
(300,000 gallons). The tank is 38 
meteis (290 feet) high and is lo- 
cated on the noitheast side of Ww 
pad. The wavei is leleased just piioi 
ixj ignition of tho Shuttle engines, 
and will flow through 2.VjTietoi 
(seven-foot) diametei pipes foi 
about 20 seconds. Watei pours 
from 16 noziles atop the flame 
deflectois, and fic .i outlets m the 
mam exhaust hole m the Mobile 
Launchei Platfoim By the time the 
solid lOcker boosteis ignite, a toi- 
rent of wa'»ei will be flowing onto 
the Mobile Launchei Platfoim fiom 
SIX iaige quench nozzles, or "rain- 
buds/' mounted on its suiface. 

The rainbiids aie 3.6 meteis 
(12 feet) high. The two m the centei 
-le 107 centimeteis (42 inches) in 
diameter; the other four have a 76- 
centimeter (30-inch) drametei. 

The peak rate of flow from all 
sources is 3,406,500 liters (900,000 
qallons) of water pei minute at nine 
seconds after Irftoff. 

Acoustical levels r each their 
peak when the Space Shuttle is 
about 91 meters (300 feet} above 
the platform, and cease in be a 
problem at an altrtude of about 
308 meteis (1,000 fe t). 

Part of the Sound Suppression 
Watei System is the Solid Rocket 



Booster Overpressure Suppression 
System. It alleviates the eff'^^t of a 
reflected pressure pulse which 
occurs at booster ignition. This 
pressure, without the suppression 
system, would exert significant 
foices on the wings and control 
ififfaces of the or biter. 

There are two primary com 
ponents to the system. A water 
spray system provides a cushion of 
water which is directed into rhc 
flame hole directly beneath each 
booster. This is supplemented by a 
series of water "hammocks" 
stretched across each hole, pro- 
viding a water mass to dampen the 
reflected pressure pulse. Used to 
gether, this v jtei barrier blocks the 
path of the reflected pressure //ave, 
greatly decreasing its intensity. 

In the event of an abu ♦cd 
mission, a Post'Sh»,(down Engine 
Deluge System is used to cool the 
aft end of the oibitei. It also con- 
tiols the burning of residual hydro 
gen . after the Shuttle's main 
engines have been shut down with 
the vehicle on the pad. There ait? 22 
nozzles around the exhaust hole foi 
the main engines within the Mobile 
Lduncher Platform. Fed by a 15.2- 
centimeter (6-inch) diameter supply 
line, water flows at a late up to 
9,460 liters (2,500 gallons) per min 
ute. 



Propellan t Storage Facili ties 
are located at both oads. Liquid 
oxygen, used as an oxidizei by the 
oibiter's mam engines, is stoied 
in a 3,406,o00-Iitei (900,000- 
gallon) tank located at the north" 
west coinm of each launch pad. 
This ball-shaped vessel is a huge 
vacuum boUlc which is designed 
to maintain the supeicold tem« 
peiatuies of ciyogenic piopellants. 

Liquid oxygen is transfer red 
fioni the storage tank to the 
0 *3i's exlcjnal tank before flight 
b two pumps which supply 
3/,850 hteis (10,000 gallons) pei 
minute each. 

The liquid hydiogen fuel foi 
the oibitei's mam engines is stoied 
in a Similar 3,218,250-lrtei 
(850,000-gallon) ball-shaped vessel 
located at the northeast corner of 
the pads. 

Pumps are not required to 
move the liquid hydiogen fiom the 
storage tank to the oibitei's extei 
nal tank duiing fueling opeiations 
A small amount ^ liquid hydiogen 
is allowed to vaporize. This creates 
a gas piessuie m thc top of the tank 
that moves the extiemely liyht 
fuel thiough the tiansfei hnes 

The vacuum-jacketed transfer 
Irnes carry the supeicold pro 
pellants to the Mobile Launchei 
Platfoim, wheie they aie fed from 
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Wew high'temperature materials are being developed that will enaWe the National Aero-Space Plane to withstand the heat associatedwith 
nigh speed atmospheric flight. This vehicle, shown here as an artisfs concept, would have advanced airbreathihg engines. It would have the 
capability to take off horizontally from and land on conventional runways, accelerate to orbit, or cruise hypersonicaify in the atmosphere 
between Earth destinations. The National Aero-Space Plane program will provide the technology for space launch vehicles and hypersonic 
crufse^ vehicles. _ ^ r>. 
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New Tools 
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aircraft Tests are underv/ay on models of an improved Space 
Shuttle, the Boeing 767. the X-29A and several general 
research aiYcrafl 




A model IS prepared (or testing in the National Transonic 
Facility, a new kind of wind tunnel that uses cryogenic nitrogen 
gas at hgh pressure to test models of advanced aircraft and 
spacecraft designs. 



How a Wind Tunnel Works. A wind tunnel is a lubelike 
structure or passage in v;hirh wind is produced, 
usually by a large farr. to flow over objects such as 
aircraft, engines, v/ings. rockets or models of these 
objects A stationary object is placed in the test section 
of a tunnel and connected to instruments that measure 
and record airflow around the object and the aerody- 
namic forces that act upon it 

Wind tunnels are used extensively to test scale models 
and obtain information that venfies theor/ and perfor- 
mance estimates Tunnelb vary m stze from those large 
enough to test a complete airplane or a large part of an 
aKplane to those with a test section only a fev^' inches 
square where models as small as the head of a match 
are tested 

Air flov/ in a wind tunnel is p ^uced and conditioned in 
sevejal vvays to simulate flight at the speeds, altitudes 
and temperatures that would be encountered by 
particular kinds of aircraft The speed of air flowing 
through a tunnel is usually expressed in terms of the 
soeed of sound (760 mph at sea level) The ratio 
ue»ween the speed ol air flow and the speed of sound is 
ca'lecJ a i'^ach number At Mach 2, for example, the 
speed of a vehicle is twice the speed of sound, or 1,520 
moh at sea level 

Speed ranyps are divided into subsonic, transonic, 
supersonic and hypersonic Subsonic is below Mach 
0 8. the speeds flown by all light aircraft and most 
comme'rial transports Speeds from Mach 0 8 to Mach 
1 2 are transonic because the air flow over a vehicle 
crosses the speed of sound The supersonic speed 
rang: is from Mach 1 2 to about Mach 5 Ajr flow above 
Mach 5 IS called hypersonic The Space Shuttle and 
Tran s-Almosphenc Vehicle conceots travel at or 
through the hypersonic speed range 



Cryogenic temperatures as low as minus 300 degrees 
Fahrenheit are obtained m the new tunnel by evaporating 
liquid nitrogen into the tunnel circuit, creating nitroqen oas as 
the test medium. 

Theoretical Tools. The Nunierical Aerodynamic Simulation 
(KlAS) program at the Ames Research Center provides the 
most powerful computational system in the world for aeronauti- 
cal research and developnaent. The heart of the NAu system 
IS Its super co nputer, which has a peak speed of one billion 
computations per second The NAS program provides the 
computational power to make the most demanding aerody- 
namics compjutations ever attempted. It has high-speed 
processing netv;o xS with work stations.^raphics features 
and satellite and land communications links betv/een r. SA s 
research centers. The new system will nelp solve major prob- 
lems involving aerodynamics, structures materials, weather 
and chemistry 

Computational fluid dynamics is emerging as a powerful tool 
for improved understanding of flow physics, it simulates 
conditions and flow phenomena that are difficult to measure 
physically The Ames super computer will calculate real flow 
over complete aircraft and through internal passages of 
turbjne engines. 

Computational structural mechanics is being developed to 
provide accurate and efficient analyses of very complex 
airframe and engine structures it is focused on advanced 
analytical methods ard exploiting po^^erful porallel and multi- • 
processor computers This capability will enable the design 
and development of lighter weight, more efficient aircraft 
through better structural designs and more effective uses of 
jdv^nced materials 



New Goals 

"Lasting Co aeronautical leadership ^iii oniv be st7cured Dy 
the vigorous renewal of Amenca s traditional'strencth 
pioneering newrechnology" 

—President s Office of Science 
and Technology Policy, 1985 

This realization has caused the proposal of three new national 
goals for aeronautics research and development 

Subsonics. Develop the technology for an entirely new 
generation of fuel-efficient, affordable United Stales aircraft 
that will operate in a modernized national airspace system. 

Supersonics: Develop technologies (especially for commer- 
cial aircraft) that w.ll sustain supersonic cruise ability for long- 
distance efficjG oy 

Trans-Atmospherics. Develop the ability to routinely cruise 
and maneuver into and out of the atmosphere wilh taneof Is 
and landings from conventional runways, thereby providing 
flexible bases for global-range weapons delivery, reconnais- 
sance and space support missions 

Coller ively these goals will focus national energies and crea- 
tivity on new frontiers and oppirtunilies that are vital for the 
success and leadership of the United States 
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THE EARLY YEARS - 

MEr:CURY TO APOLLO-SOYUZ 

The United S.^tes manned space f/ight effort has progressed through a series 
of programs of ever increasing scope and compiexity, TheJMtJAercuTy 
iaunch from a smaii concrete siab on Compiex 5 ot Cape Canaverai required 
oniy a few hundred ole. The launch of Apollo 1 1 from gigantic Complex 
39 for man's first landing engaged thousands. Each program has stood 
on the technologica. lievements of its predecessor. The complex, sophis- 
ticated Space Shuttle of today, with its ability to routinely carry six or more 
people into space, began as a tiny capsule where even one person felt cramped 
- the Mercury Program, 

PROJECT MERCURY 

Project Mercury became an official program of NASA on Oct .»er 7. 
1958 Seven astronauts were chosen in April, 1959, aftrr a natic.iwide call for 
jet pilot volunteers. Project Mercury was assigned two broad missions by 
NASA--first, to investigate man's ability to survive and perform m the space 
environment; and second, to develop the basic space technology and hard- 
ware for manned space flight programs to come.. 

The one man Mercury spacecraft was designed and built with a max- 
imum orbiting mass of about 1,451.5 kilograms (3,200 pounds}. Shaped 
somewhat like a bell, the craft was 189.2 centimeters (74.5 inches) wide 
across the bottom and about 2.7 meters (nine feet) tall. The astronaut esca 
tower added another 5.2 meters (17 feet) for an overall length of'approx- 
imately 8 meters (26 feet) at launch. Two boosters were chosen-the Army 
Redstone with 346,944 newtons (78,000 pounds) thrust for the suborbital 
flights and the Air Force Atlas with 1,601,280 newtons {360,000 pounds) 
thrust for the orbital missions. 

On May 5, 1961, Astronaut Alan B. Shepard, Jr., was launche from 
Complex 5 at Cape Canaveral by a Redstone Boostei on the first U.S. 
manned space flight His suborbital mission of 15 minutes took his Freedori 7 
spacecraft 186.7 kilometers (116 miles) high into space. 

pn July 21, 1961, a Redstone booster hurled Astronaut Virgil I. 
"Gus" Grissom through the second and last suborbital flight in the Liberty 
Bell 7. 

NASA then advanced to the Mercury Atlas serips of orbital missions. 
Another space milestone was reached on February 20, 1962, when Astro- 
naut John H. Glenn, Jr., became the first American m orbit, circling the 
Earth three times in Friendship 7. 

On Mdy 24, 1962, Astronaut M. Scott Carpenter m Aurora 7 com- 
plete lother three-orbit flight. 
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Astronaut Walter M. Schirra. Jr.. doubled the flight time m spact: and 
orbited six times, landing Stgma 7 m a Pacific recovery area. All prior land- 
ings had been in the Atlantic* 

Fina"v on May 15-16, 1963 Astronaut L Gordon Cooper. Jr., com- 
pleted a 22-orbit mission of 34 1/2 hours m Faith 7, triumphantly conclud- 
mg the $392.6 million Project Mercury program. 

PROJECT GEMINI 

The Gemini spacecraft was designed to be piloted by two astronauts 
and consisted of two major portions-the re entry module and the adapter 
module. Only the re entry module, containing the life-support cabin where 
the astronauts rode, returned to Earth. It was comprised of a double-walled 




inner shell around the crew's pressurized compartment, with an outer shell 
as the craft's external hull. The adapter module had two separate sections, so 
that Gemini, as launched, was actually a three-part structure. Orie purpose of 
the two-part adapter module was to fit the narrow Gemini capsule to the 
broader top of the booster. It also contained attitude controls, propellant 
tanks, electrical components and other v^pport equipment. The section ad 
jacent to the crew's re-entry module included two sets of engines— retro- 
rockets and S9ace-maneuvering thrusters. 

The Gemini spacecraft was similar to but heavier than the Mercury, and 
the Reds:one and Atlas boosters lacked the power to place it m orbit. A mod- 
ified version of the military Titan II was chosen as the Gemmi Launch Ve- 
hicle. With a first stage thrust of 1,912.640 nevVtons (430,000 pounds), thef 
rocket used hypergolic, or self-ignitmg, propellants, which were non-explosive 
and an added astronaut safety factor. The Titan II rocket was three meters 
(10 feet) wide and 27.1 meters (89 feet) long. The combined Gemini-Titan 
stood 32.9 meters (108 feet) high. 

Chosen for Gemini's orbital rendezvous and docking was the Agena-D 
target vehicle, a modified version of the Agena B second stage that, with Thor 
or Atlas boosters, had orbited many satellites and launched Mariner and Ran 
ger space probes. The Agena's stop and restart engine, capable of cutoff and 
reigmtion at least four times, was important for planned maneuvers with the 
Gemmi capsule. The Agena D was 9.75 meters (32 feet) long and 1.5 meters 
(five feet) in diameter, with a cylindrical shape. 

There was a total of 10 manned Gemini flights, four of which rendez 
voused With an Agena stage. A rendezvous mission generally called for launch 
mg an Atlas/Agena target vehicle from Complex 14 at Cape Canaveral, then 
the Gemini liftoff from Complex 19. 

The Agena was propelled into a circular orbit 298 kilometers (185 
miles) up. after which precise velocity and trajectory elements were calcula 
ted. Th. Gemmi would then be launched into a lower orbit. By travelling a 
shorter distance it would catch up with the Agena. 

When the distance between the vehicles was 402 kilometers (250 miles) 
radar was switched on. As the gap closed to 80.5 kilometers (50 mil5$), the 
astronauts picked up the Agena's flashing beacon and took manual control of 
Gemini to maneuver it into position. 

During rendezvous maneuvers the relative speed between the vehicles 
was cut to less than 3.2 k'lonieters (2 miles) per hou , so that when docking, 
their noses touched gently. 

On contact, the Gemini's narrow and entered the Agena's target dock- 
ing adapter. The adapter's latches clamped shut to prevent the two vehicles 
from slipping apart. Then a motorized Agena unit pulled the Gemini inward. 
Matching electncdl contacts met and gave the astronauts direct control of the 
Agena's onboard equipment. 
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From the first unmanned Gemmi flight on April 8, 1964, to the final 
manoed fhght endmg-November 16, 1966, Gemim flight time totaled 974 
hours 37 minutes 42 seconds Of this, 969 hours 51 min jtes 26 seconds 
were manned The astronauts spent a total of 12 hours 12 minutes in extra- 
vehicular activity (EVA, or "space-walk activities"). 

The highest altitude reached by the manned Gemini spc:cecraft-a 
world's record at that time-was 1,372.8 kilometers {853 miles) duimg the 
Gemini 11 mission. 

Orbital rendezvous, was accomplished 10 times, docking 9 times. 
Docking was first accomplished on March 16, 196S, during Gemmi 8, and 
was another Gemini "space first." Also, Gemini and Agena, linked by a 
tether, orbited Earth for over four hours m a station-keeping e:icercise aimed 
at savir.g maneuvering fueL Project Gemini was undertaken at a cost of 
Si .3 billion ^. ^' 

PROJECT APOLLO 

Initial p.annmg for & rocket having a high payload capability began in 
Aprjl, 1957 In August, 1958, stujdies-concluded that a clustered i)ooster of 
6.672,000 newtons (1,5 million pcjnds) thrust was feasible,,and the resoarc'i 
and development effort began. Imtial results validated the engine clustering 
technique, usingf existing hardwaie. The planned vehicle was designated the 
Saturn I. 

Rocketdyne, a division of Norn American Rockwell Corporation 
(now Rockwell International), uprated the Ti:o; Jupiter .engine and in- 
creased its thrust, thus developing the 889,600newton (200,000pound) 
thrus H 1 engine. Concurrently, from advanced studies, the haavy-thnjst 
F 1 engine was conce.ved, and subsequent: y used as the power plant for 
even larger Ijoosters. 

In July, 1960, NASA first proposed publicly a post-Mercury progi< n 
for n^anned flight and designated *t 'Voject Apollo. The Appllo goals en 
Vfsioned at the time were Earth orbital and circumlunar flights of a -three- 
man spacecraft. 

During i960. DougldS AuCraft Company (now McDonnell Douglas) 
was selected to budd the Saturn I :.econd stage (S IV> and Rocketdyne was 
chosen to develop the hydrogen fueled J 2 engine for future uppc stages of 
the Saturn vehicles. , ' ( i 

On May 25, 1961, President John F. Kennedy proposed to Congress 
that the United States accelerate its space program, establishing as a national 
goal a manned lunar landintg and return by the end o* the decade. In his re- 
port to Congress I5resjdent Kennedy said: 

"Now is the time . . for this nation to take a clearly leading role in 
space achievement, which m many ways may hold the key to i r future 
or :arth." 



The Ageha Target Docking Vehicle as seenjrom the Gemini 12 spacecraft 
iuring rendezvous. 
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With endorsement by Congress, the national objective of manned lunar 
expiorattor. created an immediate need for a considerably more powerful 
booster. 

In Janudry, 1962, NASA announced the planned development ot the 
largest rocket vehicle ever to fly, the mammoth Saturn V. Contracts were 
awarded tp the Boeing Company Tor tie first stage and North Am ncan 
Rockwell tor the secono s.age. The third stage, called tht S IVB, already was 
under deveiopmenjt by Douglas Aircraft Corporation, with »ts first flights 
scheduled or top of the Saturn I. 

The Saturn V fust atage was to use a cluster of five F 1 engiries that 
would generate 33,360,000 new^ons (7.5 milhon pounds) of thrust. The 
second stage utthzed a clus'si of five J 2 engines that developed a combined 
thrust of 4.4 million newtons {one million pounds). The third stage was 
powered by a s.ngie J 2 engine with 889,600 new tons (200,000 pounds) 
thrust capability. IBM already had started the development of the instru 
ment unit for the Saturn V. 




Gemini 4 Astronaut Ed White mad: Americas first space walk on June 3, 
J 965, during the t/iird orbit of a four day mission. 



Later tn 1962, NASA announced it was developing the Saturn IB, 
wliich combined the first stage of the Saturn I and the third stage the 
Saturn V. This vehicle would perform Earth orbital tests of the Apollo s^. :e- 
craft. 

On August 9, 1961, the Massachusetts Institute of Technology was 
selected to develop the Apollo spacecraft guidance and navigation system. 
Three and a half months Idi.r, NASA selected North American Rockv^/ell 
for the Apollo spacecraft comrr^and and service module program. 

In mid'July, 1962, NASA selected the lunar orbital rendezvourmode^ 
for the lunar mission. This called for development of a two-man funar mod- 
ule, to be used for landing on the Moon and rsturning to lunar orbit. On Nov 
ember 7, 1D62, Grumma, Aircraft Engineering Corporation .vas selected to 
design and build (he lunar module. 

The first phase of the Saturn launch vehicle program was completed ir 
1965. In ten fligtits of the Saturn I, ten were successful -an unprecedented 
record in rocket develop nent. Much technology was proven In the Saturn I 
program. The rocket gijidance systern was developed, the concept of cluster- 
ed rocket engines was validated, and more t^xperience was gamed tn the use 
of liquid hydrogen as a fuel. Liquid hydrogen, previously used only in ^he 
Centaur stage, provides approximately 40 percent greater power than earlier 
fuels. 

The new Satu^ri IB launch vehicle was successfully flown three times 
in three attempts in ^^966. Two of these flights carried spacecraft which 
satisfactorily completed Apoilo command and service module requirements 
for Eartn orbital operations. 

On January 27, 1967, tragedy ;» ^uck the space program when a fire 
erupted mstde an Apollo spacecraft dc mg ground testing at Complex 34, 
resulting in the deaths of Astronauts Virgil Gris'om, Edward White, 11, and 
Roger Chafee. After two and a half months of mvestigpation, invoiw»ng 1,500 
people, the Board of Inquiry determined the most likely cause of the acct 
dent. Electrical arcing fiurn the spacecraft wiring in a near total oxygen 
environment induced a flash fire. After an e. .tensive investigation by an Acci 
dent Review^Board, NASA followed up with detailed descriptions of correc 
tive actions, schedule modifications, .«nd cost estimates necessary to get the 
program back on track. 

On November 9, 1967, the firSt flight test of the Apollo/Saturn V 
space vehicle was successfully accomplished. Designated Apollo 4, the un 
manned flight deiMonstra'ed excellent performance by the previously un 
flown f.rst and second stages. It proved the restart in orbit capability of its 
hird stage, the ability of the Apollo spacecraft to re-enter Earth's atmosphere 
at lunar mission return speeds, the overall performance of the integrated 
space vehicle, and the operational readiness of Kennedy Space Center Launch 
Complex 39. All mibsion obiectives were met* The Saturn V placed a total 
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weight of 126,418 kilograms (278,699 pounds) in orbit after a near-perfect 
countdown. The spacecraft heat shield performed satisfactorily during the 
39,912 kilometer per r :>ur (24,800 mph) plunge into Earth's atmosphere. 

During thp two day Apollo 5 mission in January, 1968, Lunaf Module 
wstems and strtctural performance of the spacecraft were demonstrated 
and all test objf es were met. This included jwo firings of both th6 ascent 
and descent propulsion systems. Pc ; flight analysis determined the Lunar 
Module to be re dy for manned Earth orbital missions, Apollo 5 was 
launched abodrd a Saturn IB from Launch Complex 37 on January 22, 1968. 

On April 4, 1968, Apollo 6 became the second unmanned Saturn V 
oiission to demonstrate launch vehicle and spacecraft performance. After its 
launch from Complex 39, vertical oscillations, or "Pogo' effect, occurred in 
the first stage, and some small propellant lines ruptured in upper stages. 
Otherw»ie, the mission was considered very successful. 

The first manned Apollo launch, Apollo 7, was on a Saturn IB, and 
v^as the last launch from Complex 34. All subsequent Apollo launches were 
from Comple^< 39. Lifting.off the pad c October 11, 1968, it was to become 
an 11 day flight. Apollo 7 ended with a precise re entry and splashdown on 
October 22, and was called a "101 percent successful" mt^sion. Manned by 
Astronauts Walter ^chirra, Don Eisele, and Walt Cunningham, the spacecraft'- 
performance m space was flawless, including eight firings of the spacecraft's 
primary propulsion system and the first live television broadcast from a 
manned space vehicle. 

Apollo 8, with Asti ^nauts Frank Borman, Wilham Andres, and James^ 
Lovell. Jr, I rted off December 21, 1968. It was history's first manned' 
f^fgbt from Earth to another planetary body. In 147 hours, Apollo 8 took its 
crew or a faultless, half m.Ilion mile space flight, including ten lunar orbits, 
lunar and Earth ph tography and live television broadcasts. 

Apollo 9 splashed down m Lie Atlantic Ocean, north of Puerto Rico 
on March 13, 1969, after a lOday, 9.6 million kilometer (6'million mile) 
Earth orbital mission. All major mission objectives were met m the first five 
days of flight Apollo 9 was the first all-up manned flight of the Apollo/. 
Saturn V space vehicle, first manned flight of the Lunar Module, and first 
Apollo extravehicular activity. It included rendezvous and docking, live 
television, photographic surveys of Earth, and observation of the Pega$us II 
satellite and the planet Jupiter. This was the fourth Saturn V on-time launch 
{ll:00a.m EST). 

Apollo 10 successfully completer' nan's second lunar orbifal flight, 
passing within 14.5 kilometers (nine miles) of the lunar surface in a dress 
rehearsal for the actual lunar landing mis lon. Launched on May 18, from pad 
39B, Apollo 10 spent nearly 02 hours (31 revolutions) in lunar orh.t, sent 19 
live color T\A transmissions, and splashed down within 6,400 meters (7,000 





yards) of its primary recovery ship in the Pacific Ocean, eight days and three 
hours after liftoff. ' ' 

Apollo 11 attained the national goal, set by President Kennedy in 1961, 
of landing men on the Moon and returning them safely to Earth within the 
decade of the 1960's. The mission was launched pi-ecisely on time from Ken- 
nedy Sp9ce Center at 9:32 a.m. EDT. July 16, by a Saturn V. Ihe Lunar 
Module touched' down in the Moon's Sea of Tranquility at 4:18 p.m. EDT, 
July 20, and Commander Neil Armstrong stepped onto the lunar surface 




A Saturn jB rocket lifts Apollo 7 into tarth orbit from Complex 34 at 
Cape Central. It was^ the first manned Apollo fligiit. 
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at 10 56 pm EDF that evening, followec^ by Lunar Module p«lot Edwin E 
Aldr n, Jr Ast'onaui Michael Colltns, the Command Module pilot, orbited 
above, conduct. nq $c«entit(C experiments and taking photographs, The*r 
' act'VJi.es were viewed i»ve around the worid by the largest televis»on audierice 
'H h»stOTy The retum ng spacecraft sptashed down m the Pac^ic. southwest 
of Hawa !. at 12 51 p m EDI July 'l.A, ifter a flight of 8 days 3 hours 19 
mmutes Scientific tnstru nents were left on the Moon, and samples of the 




The Saturn V, largest and most powerful rocket \/ehicle em built, lifting off 
from Complex 3£ at the Kennedy Space Center, 



Moon s iOtI and rocks along Wtth st»il and mot»on pictures were brought back 
to Ear.th. 

Four moiahs after the Apollo 11 landmg, Apollo 12 repeated the 
journey, landing and exploting at the Ocean of Stormy The Apollo 12 mts 
s»on, launched November 14, 1969, demonstrated the abJity to land at a 
selected po»nt. The astronauts »nstdned tht f,rst Apollo Lunar Surface Ex 
periments Package on the surface, for continued sdenct reporting after the 
departure of the astronauts. Two extravehicular activity periods were com 
pleted, wh«ch included experimerUs emplacement, field geology tnvest»ga 
t«on, and 'n<;pection of the Surveyor III lunar lander launched m 1967. 

Apollo 13 was Munched Apr. I 11, 1970, to land on the Fra Mauro 
upland area of the Moon A rupture cf the ServtCe Module oxygen tank 
at 10 11 pm EST, Apf>i 13. caused a pov^er failure of the CoTimand and 
Servtce Module electrical system wh^ch prevented the lunar landmg. The 
crew used the Lunar M'^^^uie as thetr command post and Ijving quarters for 
the remander of the n The Lunar Module descent engine provided 
proputs on to make corrections in the flight path wh<ch sent the space 
Craft amurki the Moon on a free >eturr» traj'JCtdry for re entry and ;plash 
down in the PactffC Ocean on April 17 

The Apollo 13 Review Board announced on June 30 that a short 
Circu t *grMtd electrtcai »nsulation n the spacecraft oxygen tonk Number 2. 
causing failure of the tank The Board recommended the command and 
service module systems be modified to eliminate potential combustion 
hazards high pressure oxygen containers. 

Apollo 14 was retdigeted to accomplish the mis^ion planned for Apoilo 
13 The spaCecrdfT was launched at 4 03 p.m. EST Sunday, January 31, 1971. 
and the Lunar Moduie touched down on the M on at 4 17 a EST February 

5, w>thm 18 3 meters 160 feet^ of the targeted pomt on the Fra Mauro forma 
tion. The astronauts successfully carried ojt two periods of extravehicular 
activtty on the lunar suifjc« . t'»e first for 4 hours 50 minutes and the second 
for 4 hours 35 minutes, tutalUng 9 hours 25 mmutes. They successfully de 
ployed and.att>vated the experiments package, the second set of geophySiCul 
instruments to transmit data on the Moor *s interior and exterjor environment 
to Earth In addition, they collected 43-5 kilograms (96 pounds) of lunar 
rocki, and soil. whiCh included two rocks weighing 4.^ kilcgrams (10 pounds) 
each, the laiges^ obtamc'd to date. After spending 33 1<2 hours on the Moon, 
the Lunar Module lifted off the surface at 1 47 p.m. EST Saturday, February 

6, 1971. The return flight was normal and the spacecraft landed m the South 
Pacific Ocean at 4:05 p.m. EST February 9, 197L 

The fourth lunar landmg missron, Apollo 15, was launched Monday, 
July^6. 1971. Modifications to the spacecraft permitted longer luna'' surface 
stay lime and additional scientific instruments m lunar orbit. On July 30, at 
6.16 p.m. EOT, the astronauts landed at the Hadley Apenp^ne site. During 
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their 66-hour 55-minute stay on the Moon they explored the lunar surface, 
riding the first Lunar Rover vehicle, for 3 total of 18 hours 36 minutes; 
collected approximately 77 kilograms {170 pounds) of surface samples;, 
deployed geophysical instruments; described geological features. In 
the Command Module, extensive scientific experiments were conducted while 
orbiting the Moon, including the operation of two cameras and garnma ray. 
and X ray sensors mounted on the Service Module. After 74 lunar revolutions 
and ejedt'on of a subsatellite, the spacecraft began its homeward journey. 
Camera '.»rii canisters were retrieved by the Command ModuJe pilot froni 
outside the spacecraft during the trans Earth coast. The Pacific Ocean landing 
was made on August 7, 1971, 

Apollo 16, the fifth lunar landing mission, was launched April 16, 
1972 In all, the astronauts spent nearly 201/4 hours outside the Lunar 
Module-a new record. In lunar orbit, the Command Module pilot operated a 
complex array of scientific instruments, two lunar mapping cameras observed 
geological feature, on the surface. Once again, a scientific subsatellite was 
placed in lunar orbit before the trans-Earth maneuver was performed. On the 
Earthbound trip the film canisters were retrieved from the lunar Cameras 
outside the Command Module. The spacecraft splashed down in the Pacific 
Ocean on April 27. The astronauts had returned approximately 95.3 kilo- 
grams {210 pounds) of Moon rocks and soil samples to Earth from the 
Descartes highlands. 

The final Apollo mission, Apollo 17, was launched December 7, 1972. 
On tht 12 day mission the astronauts explored the Taurus-Littrow landing 
site, emplaced geophysical mstrjments, and collected over 108 kilograms 
(240^pounds) of samples. The total surface time outsjde the Lunar Module 
was 22 hours and 4 minutes, exceeding by almost two hours the previews 
record held by Apollo 16. The Command Module-pilot again operated scien- 
tific instruments and cameras in lunar orbit, then retrieved the camera fjim 
during a 1 hour, 6 mmute space walk en route back to Earth, Splashdown in 
the Pacific occurred December 19, 1972. 

Apollo program costs were approximately S25 billion.* 

SKYLAB 

There were four launches in the Skylab Program fiom Complex 39 at 
tne Kennedy Space Center. The first launch was on May U, 1973 at 1.30 
p.m ^ two stage Saturn V placed the unmanned 90 metric ton (lOO-ton) 
Skylab space station in a 434.5 kilometer {270-mile) Earth orbit. As the 
rocktt cceleratea past 7,620 meters {25,000 feet), atmospheric drag began 

'Includes rockets, engines, spacecraft, tracking and data acquisition, oper- 
ations, operations support, and facilities. 
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Standing pn the Moonl Apollo IS Astronaut James Imin salutes the flag ^ 
alongside the Lunar Modulejind'Lunar^ Rover. . ^ \ ^ 




ip^ hit/ p^^^ 

Skylab, orbiting 270 miles above the Earth, was both workshop and home 
for three teams of astronauts. The Skylab space station was inhabited for a 
total of 171 days. 
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The three manned Skyldb missions and the Apollo Soyuz Test Project (ASTP) 
were launched from Pad 39 B using the Saturn lb rocket. 



clawmtj at Skylat/s m(»tt'Oioid shield This cyhndrXdl mt»tdl shield wa$ de 
stgned to protect the otbUdi \-vorkshop from t*ny spdce pdr tides a>.d the Sun's 
scorch »ng heat SfXty three i»L»conds afte* iaunch the sh»e'd npped away fiom 
the Idh, tcdilmy an iaiunitnum sttap which Couqht on the unopened sola? wmg 
The sh»eld became tethered to th»' ial) ule at the same t*me pry»nq the op 
posite Wing f)dMly open Mnuilt s latei, as tile iock*it staged, the paUialiy do 
ployed \A/ing and sh*eid y.'veie fUirig "nto space With the loss of the ^hteld, 
temper atuies mside Sky lab suau»d, letideiinq the space station untnhal?*table 
and threatening foods, medit«rtes, and films The Apollo Telescope Mount, 
the major item of scientific equipment, did deploy ptopeily, whtrh 
included unfold^nvj its four so)a» par»eK 

Thf» countdown foi the iauruh of the fiist Sky lab ctew was halted \u 
Houston, eog ii«'efs worked to di'\/.se a sulat parasol to covtt th» wvorkshop, 
c id to f Hid a way to free the fema*i»ing stiick solar w»ng On May 25 astro 
nauts Charles "Pete Com ad, Jr , Or Josi'ph P Kerw*n, jnd Paul J Wett/, 
were launched toward Sky ab 

Aftef M pa nnq Skylab s broken dockauj mechanism, v'wh'Ch had te 
fused to iatch, the as^ioiiauts entejed the Skylab and erected the mylar 
parasol thfouqh a space access hatch It shaded part of the area where the 
protectt\/e meteojoid sh*eld hod ijeer* np|jed away T* mperatuies immediately 
began dfuppintj, ami Skylab soc rj became habitatile w thout space suits But 
the mariy expenments on Ijoard demanded fat more tnergy than the four 
tt lescopt solar panels toukl qeneiate Only A the crew freed the crippled 
sola) wtng could Skylaij fulftll its stiera^fiC mission. Usmg equipment that 
resemt)led long handled {xrunirnj shears and a prybar, they pulled the stuck 
wing free Skylat) was now'v ready to meet us objectives 

The durattorj of the f*rst m»sstorj was 28 days 49 mmutes. The second 
ttew was launched July 28, m»ssiOn duration was 59 days 1 1 hours 9 minutes 
The asttoiuuts weie Alan Bean, Jack Lousna and Dr. Owen Garnott The 
tht*d ciew'v w*'s launched Novembei 16, mission duration was 84 days 1 hour 
16 minutes C'ew memljers weJe Geiald Can, William Pogue, and Di Edward 
Gibson Saturn IB rockets launched all three crews 'ti modified Apol.o 
Spacecraft 

When the tbtrd and final manned Skylab m»s^ on ended With splash 
down in the Pacific February 8, 1974, the thiee crews had traveled 113.5 
million kilometers (70 5 mtllion mtles) over the 171 days 13 hc'»rs 14 mm 
\j* they liad spent orbiting the Earth, They had ended the Earth 2,476 
times, duriftg which they spent over 3,000 hours conducting eight categories 
of experiments Space walk time totalled 4 1 hours 46 minutes. Data returned 
mcluded 175,047 framts of solar observation film and 46,146 frames of 
Earth-observation film. Approximately 72,725 meters (238,600 feet) of 
magnetic tape of Earth observations also were returned, A highlight of the 



third mission was extensive observation and photography of Comet Kohou- 
tek. This mission of over 84 days increased the previous record length in 
space set by the second Skylab crew b / about 50 percent. 

The Skylab space station re-entered the Earth's atmosphere at 12:37 
p.m. EOT, July 11, 1979, near southeastern Australia. After over six years 
in space, the demise of the orbital workshop came on its 34,981st orbit. 
Skylab program costs totaled $2.6 billion. 

APOLLO-SOYUZ TEST PROJECT (ASTP) 

The $250 million Apollo-Soyuz mission was successfully comple*?d on 
July 24, 1975. In a fitting conclusion to the Apollo flights, operation of the 
Saturn IB launcji vehicle v/as flawless and the spacecraft had the fewest in« 
fiig^it anomalies of any Apollo flown. The scientific payload of 28 experi- 
ments supplied a rich harvest of data in many fields. 

Both the Soyuz and Apollo spacecraft were launr.hea on July 15, 
1975; the Apollo lifted off apprcximaxely 70/2 ho'jrs after b'oyuz. The 
I *vuz maneuver to the planned orbit for docking was successfully completed 
over Europe on the 17th orbit, at an altitude of 222 kilometers (138 miles.) 
The Apollo crew completed the rendezvous sequence as planned; docking 
with Soyuz was accomplished on July 17 when the Apollo spacecraft was 
gradually piloted towarri the orbiting Soyuz. During the next two days, the 
crews accomplished four transfer operations between the two spacecraft and 
completed five scheduled experiments. In addition, the crews provided 
television views of the interior of the two spacecraft, and demonstrated 
various aspects of space operations. ^ ' 

This mission marked the first time xhat voice, TV, and telemetry were 
relayed between an orbiting Apollo spacecraft and the ground via the ATS-6 
communications satellite. This new technique more than tripled the commu- 
nications coverage otherwise available. Following the first undocking, a joint 
solar eclipse experiment was performed. Then Apollo performed a second 
docking, this time with the Soyuz apparatus locking the two spacecraft 
together. The final undocking occurred on July^ 19. The two spacecr&ft were 
moved to a station-keeping distance and joint ultraviolet absorption experi- 
ment was performed, involving a complicated series of orbital maneuvers. 
Afterward Apollo entered a separate orbi^, and unilateral activities were 
conducted by both the Soyuz and Apollo crews. The Soyuz landed safely on 
July 21, after six mission days, and the Apollo flight was successfully con- 
cluded on July 24, 1975, nine days'after launch. The primary objectives of 
the program were met, including rendezvous, docking, c^ew transfer, and 
control center-crew interaction. All objectives of tho scientific experimen' 
were completed. The unilateral portion of the ApoKo flight was a full scien- 
tific mission in itself, and yielded significant results. 
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MANNED SPACECRAFT 
Mercury 

Height: 2.9 meters (9.5 feet) 

Maximum Diameter: 1.9 meters (6.2 feet) 

Weig*- 1,451 kilograms (3,200 pounds) 

Habiv / Volume: 1.02 cubic meters (36 cubic feet) 

Gemini 

Height: 5.5 meters (18 feet) 

Maximum Diameter: 3 meters (10 feet) 

Weight: 3,402 kilograms (7,500 pounds) 

Habitable Vofume^ 1.56 cubic meters (55 cubic feet) 

Apollo ' 

Command Module - Height: 3.5 meters (11.4 feet) 

Maximum Diameter: 3^9 meters (12.8 feet) 
Weight: 5,830 kilograms (12,850 pounds) 
Habitable Volume: 5.95 cubic meters (210 cubic 
feet) 

Height: 7.5 meters (24.6 feet) 
Diameter: 3.9 meters (12.8 feet) 
Weight: 24,550 kilograms (54,120 pounds) 

Height: 7 meters (23 feet) legs extended 
Diameter: 9.4 meters (31 feet) across legs 
Weight: 3,900 kilograms (8,600 pounds) 
Habitable Vo>jme: 4.5 cubic meters (158.8 cubic feet) 



Service Module 



Lunar Landing 
Module 



Skylab Space Station 

To'al Cluster (Orbital Workshop, Apollo Command/Service Modul*,, 
Airlock, Multiple Docking Adapter, Apollo Telescope Mount, 
Solar Arrays, Payload Shroud) 

Length: 35.5 meters (117 feet) 

Maximum Diameter: 27.5 meters (90 feet) across Solar Arrays 
Weight: 90,606 kilograms (199,750 pounds) 
Habitable Volume. 360 cubic meters (12,711 ubic feet) 

WorUshop Only 

Length: 14.6 meters (48 feet) 

Diameter: 6.7 meters (22 feet} 

Weight. 35,' ?0 kilograms (78,000 pounds) 

Habitable Volume: 275 cubic meters (9,710 cubic feet) 
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MANNED SPACE LAOf^lCH VEHICLES 

Mercury-Redstone 

Height: 25.3 meters (83 feet) 
Weight: 28,123 kilc^rams (62,000 pounds) 
Thrust: 346,944 newtons (78,000 pounds) 
Propellanu: ethyl alcohol, water^ liquid oxygen 

Mercury-Atlas « 

Height: 29 meters (95 feet) 
Weight: 11 7,900 kilograms (259,920 pounds) 
Thrust: 1,601,280 newtons (360,000 pounds) 
Propellanu: RP-1 {refined kerosene), liquid oxygen 

Gemini-Titan 11 

Height: 32.9 meters (108 feet) 

Weight: 136,080 kilograms (300,000 pounds) 

Thrust: 1,912,640 newtons.(430,000 pounds) 

Propellants: unsymmetrical dimethylhydrazine (UDMH), nitrogen tetroxide 

ApoliorSaturn IB 

Height: 68 meters (223 feet) 
Weight- 544,320 kilograms (1,200,000 pounds) 
Thrust: 7,1 16,800 newtons (1,600,000 pounds) 
Propellants: First Stage — RP-1 (refined kerosene), liquid oxygen 
Second Stage — liqu * hydrogen, liquid oxygen 



MERCURY-ATLAS 



MERCURY-REDSTONE 



' 1 



GEMINS-TITAN II 



S 



Apollo-Saturn V * - ' - — 

* Height: 110.6 meters (363 feet) 
Weight: 2,312,320 kilograms {6;200,000 pounds) > 
Thrust: First Stage - 33,360,000 newtons (7,500,000-pounds) 
Second Stage - 4,448,000 newtons (1,000,000 pounds) 
Third Stage - 889;600 newtons (200,000 pounds) 
Propellants: First Stage — RP-1 (refined kerosene), liquid oxvgen 
Second Stage — liquid hydrogen, liquid oxygen 
Third Stage — liquici hydrogen, liquid oxygen 
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Program ' 

MERCURY 

Mercury Redstone 3 
(Freedom 7) 

Mercury Redstone 4 
' (Liberty Bell 7) 

Mercury Atlas 6 
(Friendship 7) 

Mercurv Atlas 7 
(Aurora 7) 

Mercury Atlas 8- 
(Sigma 7) 

Merciiry Atlas 9 
(Faith 7) 



Date(s)/Recovefy Ship ^ Crew 



May 5,1961 

Lake Champlain (A) 

July 21,1961 
Randolph (A) 

Feb. 20, 1962 
Noa(A) 

May 24, 1962 
Pierce (A) 

Oct. 3,1962 
Kearsarge (P)' 

May 15-16, 1963 
Kearsarge (P) 



Navy Comdr. Alan 8. Shepard, Jr. 
USAF M3j. Virgil I. Grissom 
Marine Lt. Col. John H. Glenn 
Javy Lt. Conhdr. Scott Carpenter 
Navy Comdr. Walter M. Schirra, Jr. 
USAF Maj. L. Gordon Cooper 



Mission Duration ^ Remarks * 



0:15-^2 
0-15:37 
4:55:23 
4:56:05 
9:13:11 
34:19-49 



suborbital 



suborbital 



3 orbits 
3 orbits 
6 orbits 
22 orbits 



GEMINI 

Gemini 3 
(Molly Brown) 

Gemini 4 
Gemini 5 
Gemini 7 
Gemini 6 
Gemini 8 
Gemini 9A 
Genf)ini 10 



March 23, 1965 
Intrepid (A) 

June 3 7, 1965 
Wasp (A) 

Aug. 21-29, 1935 
Lake Champlain (A) 

Dec. 4-18, 1965 
Wasp (A) 

Dec. 15-16, 1965 
Wasp (A)_ 

Mar. 16, 1966 
L. F. Mason IP) 

June 3-6,1966 
Wasp (A) 

July 1§ 2^1, 1966 
Guadalcanal (A) 



USAF Maj. Virgil I. Grissom 453 
Navy Lt. Comdr. John W. Young 

USAF Mcjors James A. McDivitt and 97:56 
Edward H. White, II 

USAF Lt. Col. L. Gordon Cooper 190:55 
Navy Lt. Comdr. Charles Conrad, Jr. 

USAF Lt.Col. Frank Borman 330:35 
Navy Comdr. James A. Lovell, Jr. 

Navy Capt. Walter M. Schirra, Jr. 25:51 
USAF Maj. Thomas P. Stafford 

Civilian Neil A. Armstrong 10:4l 
USAF Maj. David R.^Scott ^ 

USA^ Lt. Col. Thomas P. Stafford 72 :2^ 
Navy Lt. Comdr. Eugene A. Cernan 

Navy Comdr. John W. Young , /0:47 
USAF Maj. Mfchael Collins 



3 orbits 

.62 orbits; first U.S. EVA (White) 
120 orbits 

Longest Gemini flight; rendezvous tar- 
get for Gemini 6; 206 orbits 

Rendezvoused within 1 ft. of Gemini 
'7;16.orbits . ^ 

Docked with unmanned Agena 8;.7 
orbits 

Rendezvous (3) with Agena 9; one 
EVA; 44 orbits 

Docked with Agena lOrj rendezvoused 
with Agena 8; two EVAs; 43 orbits 



NOTES: 1. Names in parenth^/ses are crew names for spacecraft and Lunar Modules 3. Hours and minutes, except for Skylab 

2. (A) or (P) denotes Atlantic or Pacific Ocean splashdown 4, EVA refers to e;:trav5hicular activity, or activity o-jlside the spacecrafr; \^fA refers to Lunar Module 
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iVlASA 



Gemini 11 

Gemini 12 

APOLLO 

Apollo 1 

Apollo 4 

Apollo 5 
Apotio 6 
Apollo 7 

Apollo 8 



Apollo 9 
(Gumdrop and 
Spider) 

Apollo 10 
(Charlie Brown 
and Snoopy) 

Apolio 11 
(Columbia, Eagle) 

Apollo 12 
(Yankee Clipper 
and Intrepid) 



Sept. 12.15, 1966 
Guam (A) 



Nov. 1M5, 1966 
Wasp (A) 



Jan. 27. 1967 



Nov. 4, 1967 
Bennington (P) 

Jan. 22, 1968 

April 4, 1968 
Okinawa (P) 

Oct. 11-22, 1968 
Essex (m) 

Dec. 21-27, 1968 
Yorktown (P) 

March 3-13, 1969 
Guadalcanal (A) 

May 18-26, 1969 
Princeton (R) 

July 16-24,1969 
Hornet (P) 

Nov. 14-24. 1969 
Hornet (P) 



Navy Comdn Charles Conrad, Jr. 
Navy Lt. Comdr. Richard F. 
Gordon.Jr. 

Navy Capt. James A. Lovell, Jr. 
USAF Maj. Edwin E. Aldrin, Jr. 



USAF Lt. Col. Virgil I. Grissom 
USAF Lt. Col. Edward H. White, II 
Navy Lt. Comdr. Roger Chafee* 

Unmanned 



Unmanned 
Unmanned 

Navy-Capt. Walter.M. Schirra, Jr. 
USAF Maj. Donn Eisele 
Civilian Walter Cunningham 

USAF Col, Frank Borman 
Navy Capt. James A. Lovell, Jr. 
USAF Lt. Col. William Anders 

USAF Col. James A. McDivitt 
USAF Col. David R.Scott 
Civilian Russell L. Schweickart 

USAF Col. Thomas P. Stafford 
Navy Comdr. John W. Young 
Navy Comdr. Eugene E. Cernan 

Civilian Neil Armstrong 
USAF Lt. Col. Michael Collins 
USAF Col. Edwin E. Aldrin, Jr. 

Navy Comdr. Charles Conrad, Jr. 
Navy Comdr. Richard F. Gordon, Jr.^ 
Navy Comdr. Alan L. Bean 



71:17 



9455 



9:37 

7:50 
9:57 
260^)8:45 

147:00:11 

241:00:53 

192.03:23 
195:18:35 
244:36;25 



Docked with Agena 11 twice; first 
tethei'ed flights; two EVAs;,highest 
altitude in Gemini program; 853 miles; 
44 orbits 

Three EVAs total.5 hrs. 30 min.; 59 
orbits 



Planned as first manned Apollo 
Mission; fire duringjground test on 
1/27/67 took lives of astronauts; post- 
humously designated as Apollo 1.^ - 

First flight of Saturn V launch vehicle. 
Placed unmanned Apollo.cqmmand 
and service module in Earth orbit. , 

Earth orbital flight test ofurimanned 
Lunar Module. Not recovered 

Second.unmanned test of Saturn V ^ 
vand Apollo 

Tested Apollo Command Module inr . 
Earth orbit; 163 orbits 

First manned Saturn V launch; 10 
lunar orbits 

Earth orbital mission; first manned 
llight of LM;two EVAs totaL2 hrs. 
8 min.; 151 orbits 

31 lunar orbits; LM descended to 
within nine miles of'lun'ar surface 

First manned lunar landing; 3ea of 
Tranquility; one lunar EVA 2 hrs. 48 
min.; 46 lbs. lunar samples 

Landed Ocean of Storms; two lunar 
EVAs total 7 hrs. 46 min. 75 lbs: 
samples 



NOTES: 5. There were no missions designated as Apollo 2 and Apoilo 3 ' 
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Apollo 13 


April 1M7, 1970 


Navy Capt. James ArLovell, Jr. 


142:54:41 


(Odyssey and 


Iwo Jima (P) 


Civilian Fred W. Haise, Jr. 




Aquarius) 




* Civilian John L. Swigert, Jr. 




Apoilo 14 


Jan.31-Feb9, 1971 


Navy Capt. Alan B. Shepard, Jr. 


216:02:01 


(Kitty Hawk 


New Orleans (P) 


USAF Maj. Stuart A. Roosa 




and Antares) 




Navy Comdr. Edgar D. Mitchell 




Apolip 15 


July26-Aug. 7, 1971 


USAF Col. David R. Scott 


295:12:00 


(Endeavour 


Okinawa (P) 


USAF Lt. Col. James B. Irwin 




and Falcon) 




USAF Maj. Alfred M. Worden 




Apollo Id 


April }6'27f 1972 


Navy Capt. John W. Young 


265:51:06 


(Casper and 


ticonderoga (P) 


Navy Lt*. Comdr. Thomas K. M'atlingly, II 




Orion) 




USAF Lt. Col. Charles M. Duke* Jr. 




Apollo 17 


Dec. "'•19 1972 


i^idvy K^Ofji* cuyciic M. Ocrnaii 




(America and 


Ticonderoga (P) 


Navv Comdr RnnalH ^ Puanc 




Challenger) 




Civilian Harrison H. Schmitt (Ph. D.) 




SKYLAB 








Skylab 1 


Launched May 14, 1973 


Unmanned 


Re-entered atmosphere 








7-11-79 on orbit 34,981 


Skylab 2 


May 25'June 22, 1973 


Navy Capt. Charles Conrad, Jr. 


2adays 




Ticondel-oga (P) 


Navy Comdr. Paul J. Weitz 


49 min. 49 sec. 






Navy Comdr. Joseph P. Kerwin (M. D.) 




OKyidU o 


Juiy ^o'bept. ZD, 19/3 


Navy Capt. Alan L. Bean 


59 days 




New Orleans (P) 


Marine Maj. Jack R. Lousma 


llhrs. 






uiviiian uwen n. oarrioit irn. u./ 


9 min. 4 sec. 


Skylab 4 


Nov. 16, 1973- 


Marine Lt. Col. Gerald P. Carr 


84 days 




Feb. 8, 1974 


USAF Lt. Col. William R. Pogue 


1,hr. 




New Orleans (P; 


Civilian Edward G. Gibson (Ph. D.) 


15 min. 31 sec. 


ASTP 








Apollo Soyu^ 


July 15, 1975- 


' USAF Brig. Gen. Thomas P. Stafford 


^ days 


Test Project 


July 24, 1975 


Civilian Vance D. Brand 


1 hr. 




New Orleans (P) 


Civilian Donald K. Slayton 


28 min, 24 sec. 



Luoar landing aborted after oxygen 
tank ruptured; safe recovery 

Landed Fra Mauro; twb lunar EVAs 
total 9 hrs. 23 min.; 94 lbs. sam^es 

Landed Hadley Apennine; three 
lunar EVAs total 18 hrs. 46 mln.; 
169 Ibs.'samples 

,Landed>Descartes highlands; three 
luipar EVAs total 20 hrs. 14 min., 
213 lbs. samples . , 

Landed Taurus-Littrow; three lunar 
EVAs total 22 hrs. 4 min.; 243 lbs. 
samples 



Repaired Skylab; 404 orbits;^92 
experiment hours; three EVAs total 
5 hrs. 34 min. 

Performance maintenance, 858 orbits; 
tj081 experiment hours; three EVAs , 
total 13hrs. 42 min. 

Observed Corifiet Kohoctek; 1,214 
orbits; 1 ,563 experiment hours; four 
EVAs total 22 hrs. 25 min. 



Apollo docked with SovietSoyuz 
spacecraft^ July 17:; separated July 
19 



NOTES; 6. Flown by Cosmonauts Aleskey A. Leonov and Valeriy M. Kubasov; mission duration 5 days, 22 hours, 30 minutes, 64 sec. 
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THE FUTURE OF MANNED 
' SPACE FLIGHT 




The 2 mlllipn kilogram (4.5 million pound) Space Shuttle .$ the first ve- 
hicle designed to carry both crew and large unmanned applications and scien- 
tific spacecraft into orbit. The primary function of prior manned missions 
was the scientific exploration of the space environment, or the surface of the 
Moon Large spacecraft, such as the many geosynchronous orbit communica- 
tions and weather satellites, planetary explorers, or scientific research probes, 
were launched on unmanned vehicles. The Space Shuttle combines the 
weightlifting cjpacity of the largest unmanned launchers with the unmatched 
ability of an on the spot human being to make decisions and take actions. 

No machine yet built ^5n equal a trained astronaut at problem-solving 
in space, as the recovery and eventual success of the Skylab program amply 
demonstrated: Shuttle ^astronauts have repaiied satellites in space dnd re- 
covered others for more extensive repairs on the ground. 

The Space Shuttle has flown with one crew of eight men and women, 
and seven crewmembers has been a common number. It has combined thrust 
at liftoff of about 28.6 million newtons (6.5 million pounds) from its 
two solid rocket boosters and the three liquid'Propella^It mein engines on the 
orbiter. lis top capacity into low Earth orbit will be 29,500 kilograms 
(65,000 pounds) in its fully operational configuration. This can consist of ore 
large payload, a combination of up to three spacecraft with attached solid 
stages for injection into higher orbits, along with smai'er packages that remain 
with the orbiter but must operate in the space environmen" or a mixture of 
these types of payloads. The Space Shuttle is the only , nerican vehicle 
designed for both manned spaceflight and delivering heavy payloads into 
Eaith 01 bit that is expected to be available for the rest of this century. 



First (STS'J) liftoff of the Space Shuttle, April 12, 1981. 
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Space Shuttle Mlsik>n(!i in Brief 1981-1963 



MISSION 
NAME 

STS-l 

STS-2 
STS^ 
STS-4 
STSB 

STS.6 
STS-7 

STS.8 

STS-9 



ASTRONAUTS 
Young, Crippen 
Engle, Truly 
Lousma, Fullerton 
Mattingly, Hcirtsfield 



LAUNCH 
DATE 

4/12/81 

11/12/81 

3/22/82 

6/27/82 



Brand, Overmeyer, Lenoir, 1 1/1 1/82 
Allen 

Weitz, Bdbko, Musgrave, 4/4/83 
Peterson 

Crippen, Hauck, Ride, 6/18/33 
Fabian, Thagard 



Truly, Rrandensteln, 8/30/83 

Bluforo, Gardner, 

Thornton 

Young,'^aw, Parker, 1 1/2B/83 

Garriott, Merbold, 

Lichtenb^rg 



ORBITER 

Columbia 
Columbia 
Colunnbia 
Colurtibia 
Columbia 

(Dhalfenyer 
Challenger 

Challenger 

Columbia 



PRIMARY 
PAYlOAD 



OSTA-1 

bss-i 

DoD 82-1 

SBS-C/ 
Anik C-3 

TDRS-A 



Anik C-2/ 
Palapa 8-1/ 
SPAS-01/OSTA-2 

INSAT!B 



Spacelab ? 



LAUNCH 
PAD 

39A 

39A 

39A 

39A 

39A 

39A 
39A 

39A 

39A 



RESULT 

S 

,S 

s 
s 
s 



This summary provides the most peitinent and important 
details of all Space Transportation System |STS) missions 
through the end of 1983, including c crief descriptiorr of the 
payloads and experiments performed in orbit. All nine mis- 
sions requirod that the Space Shuttle orbiter be returned to 
the Kenned-^ Space Center by the 747 carrier aircraft after 
landing. The first four missions formed the Orbital Flight 
Test Program; all subsequen: missions were operational. This 
summary s not intended to be comprehensive cr complete, 
and covers or»iy the first three years of Space Shuttle flights. A 
new summary will be » ?ued at^tbe end of each calendar year, 
covering only those !au» hes that occurred dunng the previous 
12 months. 



STS-1 Mission 

The Orbiter Columbia lifted off from Pad A, Launch 
Complex 39, Kerr^dy Space Center, |KSC) Florida, at 7:00 
a.m. EST on April 12, 1981, after a launch attempt on April 
10 vjuZ scrubbed due to a timing skew in the orbiter general 
purpose computer system. Columbia had remained in the 
Orbiter Processing Facility for 610 days after its arrival at 
KSC, due primarily to the replacement of the lightweight 
protective tile installed at thelactory. This launch marked the 
first use of solid rockets on a manned vehicle, and the first 
time -astronauts rode a new type of spaceship on its first flight. 
The primary mission objectives were a safe ascent Into orbit, 
then a return to Earth for a landing on the orbiter's owa 
wheels. Columbia landed on Runway 23, Edwards Air Force 
Base (AFB), California, on Api ' 14, 1981, at 1:21 p.m. EST, 
after a mission duration of two days, six hours, and 21 



minutes. It had completed 35 orbits. ?ost-flig^.; investigation 
revealed that Columbia had suffered some damage from ^n 
overpressure wave created by the solid rocket boosters at 
ignition, had lost 16 tiles, and hjd damaged 148 Columbia 
was otherwise in good condition. 
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Astronaut fJobert Crlpptn floats In tti» wtlghttttstiass of mkrogrtvity 
inside the middeek area of Columbia on STS-1. 
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Crew. The ciew membuio wtrt Johri ^. Vooiig, Commaiidei, 
and Robert L. Crippen. Pilot. 

t Payioad and Experiments. Columbia carried the Development 
Flight Instrumentation (DPI) package, which contained strain 
sensors and measuring devices to report on spacecraft per- 
formance and the stresses encountered durmg launch, flight, 
and landing, but otherwise had no ca*'go. 



STS-2 Mission 




This view of the Orbiter Challenger above a mountainous region of the 
Earth, taken by the SPAS 01 ptatform Uoating above if during STS /, 
shows the Remote Man,pulatOf System 'Vanadarm" at the uppei 
right center, extended up and back toward the crew compartment Thp 
cylinders attached along the cargo boy v/alls are 'Vetaway Special' 
can/$ter&. 



The Orbiier Columbia hfted oH from Pad A, Launch 
Complex 39, KSC, at 10 10 a m EST on November 12. 1981« 
The launch was delayed from a planned 7.30 a.m. liftoff by 
the need to replace one of Columbia's on board f' Aa trans- 
mitting units It had previously been delayed from a planned 
November 4 launch because of an apparent low reading on 
fuel cell 0)^ygen tank pressures, folio /ed by the changing of 
oil liters in two of the three auxiha.y power units THr:> time 
Columbia went through the Orbiter Processing Facility in 103 
days Modifications to the water s.ound suppression system to 
absorb the overpressure v\Mve from the solid rocket boosters 
were successful. This was the first time a manned spaceship 
was reflown with a second crew During the flight a problem 
developed with one of thi^» three fuel cells, and the mission 
duration was shorto«^*>d from its planned five days The crew 
nevertheless achieved 90^a of the mission objectivp^ Columbia 
landed on Runway 23. Edwards AFB, on November 14, 1981, 
at 4 23 p.m. EST. after d mission duration of two days, six 
hours, and 13 mmutes It had compleTfd 36 orbits Trie 
damage was minor 



Crew. The crew membu . were Joseph H. Engie, Commander, 
and Richard H. Truly, Pilot. 

Payioad and Experiments. Columbia again carried the DPI 
package of special sensors to report on the performance of the 
spacecraft and it3 various systems. The Canadian-built Remote 
Manipulator System arm (Canadarm) was operated by the 
crew in all its modes. The only payioad was OSTA-1 (after 
the NASA 'Office of Space and Terrestrial Applications"), 
a set of instruments mounted on a Spacelab pallet in the cargo 
bay. The experiments performed were in the areas of remote 
sensing of land resources, environmental quality, ocean con- 
ditions, dnd iimteoiological phenomena. One instrument, the 
Shuttle Imaging Radar A (SIR A), performed the unexpected 
feat of looktfig through" several feet of dry sand in a desert 
region of North Africa to outLne the ongmal land surface, 
including dried riverbeds and rocky hills. 



STS-3 Mission 



The Orbiter Columbia lifted off from Pad A, Launch 
Complex 39, KSC at 11.00 a.m. EST on March 22, 1982. 
The launch had been delayed one hour by the ^ailure of a 
heater on a nitrogen gas ground . jpport line. Liftoff did occur 
on the originally scheduled day. Columbia's time in the 
Orbiter Processing Facility decreased to 70 days. The major 
mission goals were to perform further tests of the Canadarm 
and extensiv^e thermal testing of the Columbia itself. The 
latter was accomplished by exposing the tail, nose and top to 
the Sun for varying periods of time, rolling it in between 
tests to stabilize temperatures over the entire body. The 
Canadarm tested satisfactc riy. moving the Plasma Diagnostics 
Package experiment around the orbiter. 

The planned seven day mission was extended one day due 
to high winds at the back up landing site, the Northrup Strip 
at "vVh.te Sands, New Mexico. (The Edwards AFB primary 
idndiP" site was too wet for a safe landing.) Columbia landed 
at Northrup Strip, March 30, 1982. at 11:05 a.m. EST, after 
a mission duration of eight days and five minutes. It had com- 
pleted 129 orbits. A total of 36 tiles were lost and 19damaged. 




Astronaut Gordon Fullerton performs some intr/cafe calculations using 
a hand held calculator during the STS*3 mission. 



Crew. The crew members were Jack R. Lousma, Commander, 
and C. Gordon Fullerton, Pilot. 

Payload and Experiments. In it§^^rgo bay Columbia carried 
a "Getaway Special" test canistW and a Spacelab pallet- 
mounted set of experiments for NASA's Office 'of Space 
Science and Applications called OSS-1. The latter obtained 
data on the near-Earth space environment, including the 
degree of contamination (gases, dust, outgassing particles) 
introduced by the orbiter itself. In the cabin middeck area 
were experiments on lignin formation in weightlessness, 
insect motion (the latter was the first Shuttle Student Involve- 
ment Project, or SSIP, to fly), a Continuous Flow Electro- 
phoresis syste** to investigate separation of biological 
components, and a Monodisperse Latex Reactor experiment 
to produce microo-sized latex particles of uniform diameter. 
Columbia also flew the DPI package for the third time, and 
instruments to study catalytic surface effects, tile gap heating 
effects, and the dynamic, acoustic, and thermal environment 
around the orbiter. 



STS-4 Mission 



The Orbiter Columbia lifted off from Pad /K, Launch 
Complex 39, KSC, at 11:00 a.m. EDT on June 27, 1982. 
This was the first Space Shuttle to be launched on time and 
with no delays in schedule. Orbiter timp in the Processing 
Facility was reduced to 42 days. The mission goals were to 
further test the flying, handling, and operatmg characteristics 
of the orbiter, t'- perform more exercises with the Canadarm, 
to conduct several scientific experiments m orbit, and to land 
at Edwards AFB for the first time on a concrete runway, 
one the same length as the Shuttle Landing Facility at KSC. 
Columbia was also scheduled for more thermal tests by expo- 
sure to the Sun in selected attitudes, but these plans were 
changed. Some hail that fell while Columbia was on the pad 
cut through the protective coating on the tiles and let some 
rainwater penetrate inside. In space the affected area on the 
underside was turned to the Sun, which vaporized the water 
and prevented further possible tile damage from freezing. 



The only major problem on this mission was the loss of 
the two solid rocket booster casings. The main parachutes 
failed to function properly and the two casings hit the water at 
too high a velocity and sank. They were later found and 
examined by remote camera, but not recovered. Columbia 
landed on Runway 22, Edwards AFB, on July 4, 1982, at 
12:09 p.m. EDT, after a mission duration of seven days, one 
hour and ten minutes. It^ad completed 112 crbits. President 
and Mrs. Reagan attended the landing and welcoming 
ceremonies. 

Crew. The crew members were Thomas K. Mattingly, Com- 
mander, and Henry W. Kartsfield, Pilot. 

Payload and Experiments. In addition to a classified Air Force 
payload in the cargo bay, STS-4 carried the first Getaway 
Spjcial - a *"^ries of nine experiments prepared by students 
from Utah State University. In the middeck area the astronauts 

ERiC 



operated a second and larger Continuous Flow Electrophoresis 
System and a second Monodisperse Latex Reactor experiment. 
They also. performed a cloud-top lightning survey using hand- 
held carTieras, and took medical data on themselves for two 
student experiments. They operated the Canadarn? again to 
move an instrument called the Induced Environmental Con- 
tamination Monitor around the orbiter in space, to gather 
data on any gases or particles being released by the orbiter. 



STS-5 Mission 

The Orbiter Columbia lifted off from Pad A, Launch 
Complex 39, KSC, at 7:19 a.m. EST on November U, 1982. 
This was the second Space Shuttle to be launched on time and 
with no delays in schedule It was the first operational flight 
for the STS, with two commercial communications ^satellites, 
a number of experiments,- and a foUr-astronaut crew7 The 
latter became the "We Deliver" teari when they successfully 
launched both satellites, ready for their trips into higher 
orbits. The only real problems during the mission occurred 
with the two spacesuits. The two Mission Specialist astronauts 
were scheduled to perform an extravehicular activity, but this 
had to be cancelled due to the malfunction of a ventilation 
motor in one suit anci a pressure regulator in the other. 
Columbia landed on jnway 22, Edwards AFB, on November 
16, 1982, at S:33 3.m. EST, after a mission duration of five 
days, two hours and 14 minutes. It had completed orbife. 

Crew. The crew members were Vance Brand, Commander, 
Robert F. Overmyer, Pilot, and Dr. Joseph P. Allen and 
Dr. William B. Lenoir, Mission Specialists. 

Payload and Experiments. Two very similar communications 
satellites, SBS-3 and Anik C-3, built by Hughes Aircraft 
as part of the company's HS-376 series, were deployed for 
Satellite Business Systems and Telesat of Canada, respectively. 
Each was equipped with a Propulsion Assist Module (PAM) 
solid rocket motor, which fired automatically about 45 
minutes after deployment and placed each satellite in a ^ighly 
elliptical orbit. The company controllers of each later fired 
an on-board solid motor at apogee, and circularized the orbits. 
Both satellites were then checked out by their owners\and 
entered into commercial service. Three SSIP experiments were 
conducted for student experimenters by the astronauts 
working in the middeck area, as was a third Monodisperse 
Latex Reactor te^t. The first of 25 Getaway Special experi- 
ments reserved oy West Germany was conducted in the cargo 
bay, where X-»ays of a molten mixture of mercury and gallium 
were taken to observe the effects of microgravjty on the 
dispersion of mercury droplets into the gallium. A group 
of instruments provided additional information about Shuttle 
aerodynamics^, atmospheric entry heating rates on different 
sections, the cargo bay environment, and other Shuttle 
properties. 



STS-6 Mission 



The Orbiter Challenger lifted off from Pad A, Launch 
Complex 39, KSC, at 1:30 p.m. EST on April 4, 1983. This 
was the first launch of the second Space Shuttle orbiter, which 
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V/as considered an operational vehicle on it* initial flight. The 
originally scheduled launch date of January 20 was postponed 
twice, once for a hydrogen gas leak that required removal, 
repair and reinstallation of two of the Space Shuttle Main 
Engines and replacement of the third, and once because of 
payload contaminatfon caused by a severe storm at the pad. 
The hydrogen leak vas detected as a result of a 20*second 
Flight Readiness Firing of the main engines on December 18, 
1982. This led to a sqcond firing on January 25, 1983, which 
confirmed the leakage. As engine repairs were being performed 
a severe storm with high winds breached the seals between 
the Payload Changeout Room in the Rotating Service Structure 
and their contact with the orbiter around the cargo bay. 
Particulate matter was blown inside. The payload had to be 
removed and returned to a checkout facility to be cleaned, 
and the Changeout Room and cargo bay were cleaned while 
it was away. On the new launch date Challenger lifted off on 
tin with no further problems. Its "satellite payload was 
^ ^ released into low Earth orbit as planned. The two Mission 
SptfoiJists completed planned spacewalks using the new 
spacesuiti Challenger landed on Runway 22, Edwards AFB, 
or. April 9, 1983, at 1.53 p.m. EST, after a mission duration 
of five Q«vs and 25 minutes. It had completed 80 orbits. 

Crew. The crew members were Paul J. Weitz, Conimander, 
Karol J. Bobko, Pilot, and Donald H. Peterson and Dr. Story 
Musgrave, Mission Specialists. 

Payload and Experiments. The primai'y payload for STS 6^ 
was the first Tracking and Data Relay (TDRSJ satellite It 
weighed about 5,000 pounds, and was to be injected into a 
geosynchronous transfer orbit by a 32,000-lb, two stage, 
solid propellant Inerttal Upper Stage (IDS). The first stage 
fired as planned, but v;hen the second stage fired at apogee, 
it cut off after 70 seconds of a planned 103 second burn. 
TDRS entered an unsatisfactory elliptical orbit. More pro 
pellant had been loaded .aboard than was needed for its 
planned operational life, and this was used over the next 
several months to gradually circularize the orbit, using the 
spacecraft's own attitude control thrusters. The maneuver 
was successful, and TDRS 1 reached geosynchronous orbit 
and entered normal service. TDRS 1 was the first of three 
planned satellites to serve as orbiting relay and control stations 
for other spacecraft, making it possible to eliminate most of 
the system of ground tracking stations used prior to the 
Shuttle era. A TDRS can handle up to 300 million bits of 
information each second from a single user spacecraft. It 
operates in both Ku band and S band frequencies. The system 
of three satellites will be able to provide coverage for low 
Earth orbit satellites (including the Space Shuttle) almost 
100 percent of the time, compared to the 15 percent coverage 
now common tor most such spacecraft. 

STS-6 also had three Getaway Specials in the cargo 1bay, 
one each on artificial snow formation, a packaged seed collec- 
tion, and a composite metals experiment. 

The first test of the new type of space iuit designed for 
Shuttle astronauts was also completed with astronauts Musgrave 
and Peterson performing various tests m the cargo bay during 
four hours anr* 17 mmutes of extravehicular activity. These 
tests went well. The Monodisperse Latex Reactor and Con 



tinuous Flow Electrophoresis experiments were also flown 
again and, operated successfully. 
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The Palapd'B geosynchroncus communications sateilite has just popped 
out of the open sunshield below as it climbs into space at a rate of three 
feet per second, while spinning at 50 rpm. 



STS-7 Mission 



, The Orbiter Challenger lifted off from Pad A, Launch^ 
Complex 39, (<:SC, at 7:33 a.m. EDT on June 18, 1983. The 
launch was on time and with no delays m schedule. Tins was 
the third operational flight of the Space Shuttle, and the 
second with a payload of two commercial communications 
satellites. It also featured a large variety of other items of 
cargo. This was the first STS launch with a crew of five astro- 
nauts, and the first flight of aa American woman mto space. 
The crew successfully deployed the two satellites, on the first 
and second days of the mission, and performed a serie' of 
other experiments. The Shuttle Ku-band antenna used with 
the TDRS satellite was successfujiy tested. The experiments 
among the seven Ge*away Special canisters m the cargo bay 
that required start-and-stop operations wore performed by the 
astronauts. 

The Shuttle Pallet Satellite (SPAS-OI) mounted in the 
cargo bay, which was busit and supplied by the West German 
firm Messerschmitt-Bolkow-Blohm, was released into space 
by the Canadarm. Operating under its own power, it flew 
alongside Challenger for several hours, during which time a 
United States-stpplied camera photographed Challenger 
against a background of Earth. The SPAS-01 was grappled 
twice by the Canadarm, then returned and locked into posi- 
tion in the cargo bay. Challenger was maneuvereo away from 
and toward the SPAS-01 during these activities. 

A second set of experiments called OSTA-2, supplied 
by the United States and the Federal Republic of Germany, 
was mounted on a special support structure m the cargo bay« 

Astronaut Norman Tha^ard, a mission specialist and 
medical doctor, conducted medical tests m orbit on the 
p.oblem of Space Adaptation Syndrome, the condition that 
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often leads to nausea and sickness during the early hours of 
flight. 




Astronaut Sally Ride uses a scfcwfiriver to release and clean an ^ir 
filter during the STS-7 miss/on. Dn Hide was the first American woman 
to go into space. The acronym on her T-shirt means 'Thirty-five New 
Guys'' for the group who trained with hei to become astronauts. 



STS-7 was scheduled to d at the Shuttle Landing 
Facility at KSC, but rainy weather forced a landing at Edwards 
AFB. Challenger landed on Runway 23 on June 24, 1983, 
at 9:57 a.m. EDT, after a mission duration of six days, two 
hours and 24 minutes. It had completed 97 orbits. - 

Crew. The crew members »vere Robert L. Crippen, Com- 
mander, Fredericl< C. Hauck, Pilot, and John M. Fabian, 
Dr. Sally K. Ride and Dr. Norman inagard. Mission Specialists. 

Payload and Experiments. The primary payload was t\^ 
satellites built by Hughes Aircraft m its HS-376 series - 
Telesat's Anik C-2 (launched out of sequence behind Anik 
C-3 on STS-5) and Indonesia's Palapa B. The latter is the 
first of a second generation of communications satellites 
for PERUMTEL, the state-owned telecommunications com- 
pany supplying modern communications to bind together the 
3,000 islands of Indonesia. Both spacecraft were attached to 
PAM motors, which fired on schedule and successfully placed 
both into gsosynchronous transfer orbits. Later, the on-board 
apogee motor of each was fired to circularize the orbit. Both 
entered service under the control of their owners. 

Several Getaway Special canisters in the cargo bay held 
a wide variety of experiments, including ones on the effects 
of space on the social behavior of an ant colony in zero gravity, 
soldering operations, germination of radish seeds, and others. 
Ten experiments mounted on the SPAS01 pallet performed 
rese?'ch in the areas of forming metal alloys in microgravity, 
operoting heat pipes, using a remote sensing scanner, utilizing 
a. mass spectrometer to identify gases in the cargo bay, verifying 
a means of calibrating solar cells, and more. 

Challenger's small control rockets were fired while 
SPAS-01 was :^eld by the Canadarm, to test the effects of 
movement on tpe extended arm. The Monodisperse Latex 
Reactor and Continuous Flow Electrophoresis experiments 
In the (nidd^rk area were operated by the astronauts as re- 
quired Astronaut Thagard measured fluid motion and pressure 
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increase inside the head and checke<J eye movement and visual 
perception, both in himself and the other astronauts, gathering 
data on ,the effects -of Space Adaptation Syndrome. A set of 
OSTA-2 experiments in the cargo bay were operated for 
materials processing experiments as planned. 



STS-8 Mission 



The Orbiter Challenger lifted off from Pad A, Laurv:h 
Complex 39, KSC, at 2:52 a.m. 5:DT on August 30, 1933. 
This was the firot night launch of a Space Shuttle. The time 
of launch was dictated by thp tracking requirements lOr the 
primary payload, the INSAT IB satellite being launched for 
India. It was the first spacefKght by an American black astro- 
naut. It was the second launch where a Mhuc Specialist 
medical doctor conducted tests on himself anc the other 
crew members to gather data op the^ause of ISpace Adap- 
tation Syndrome sickness. Ground operators performed some 
20 tests of the TDRS satellite using the arbiter's S-band 
and Ku-band. antenna systems, most without astronaut assis- 
tance. The relaying capabilities of the TDR^ W3re being tested 
in preparation for the high data rate necessary to support the 
upcoming first Spacelab mission. 




Astronaut Guion BiufOrd, the first American black astronaut to per- 
form a soace flighty runs on a treadmill whilu wired to monitors that 
recorded the results of his exorcise. 



^he INSAT 1B was deployed on the second day. The 
Challenger's nose was held away from the Sun for 14 hours, 
to test the flight deck area in the extreme cold The crew 
at this time filmed the performance of an experimental heat 
pipe mounted in the cargo bay. On the fourth day the Chal- 
lenger dropped down to 139 miles altitude to perform a 
series of tests on the thin atomic oxygen there, as part of an 
effort to identify the cause of the "glow" that tends to sc.- 
round parts of the orb:ter at night. The Capadarm was 
exercised using a special 7,460 pound weight designed for 
that purpose. Due to the fact it was to be the first night 
landing. Challenger was prought down at Edwards AFB, 
landing on September 5, 1983, at 3:41 a.m. EDT, after a 
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mission duration of six days, one hour and nine minutes. 
It had completed 96 orbits. 

Crew. The. crew members were Richard H. Truly, Commander, 
Daniel C. Branderistein, Pilot, and Dale A. Gai-dner, Guioii S. 
Bluford and William E. Jhornton, Mission Specialists. 

Pav^oad and Experirnents. The primary payload was th3 
lt\:5AT 1 B spacecr-^f t, a multipurpose satellite for India that 
can provide telecommunications, relay television signals to 
small home and community antennas in rural areas, and 
provide iii^h resolution infrared and visible light photo- 
graphs of the complete Earth disk every 30 minutes for mete- 
orological analysis and storm warnings. Formerly, a separate 
satellite was r^qiiired for each of these major functions. The 
attached PAM-D' stage fired ai»tomalically 45 minutes after 
jdepioymenc, placing the satellite in a geosyochronous transfer 
orbit. Two days later the on*board apogee motor was fired -, 
to circularize the orbit, after which the owner/controllers 
began checkout procedures. 

Also in the cargo bay were 12 Getaway Special canisters, 
four containing experinrients and eight holding STS*8 postal 
covers (plus more in two boxes mounted on an instrument 
panel, for a total of 260,000) for sale to the public after the 
flight.* The Continuous Flovi Electrophoresis System experi- 
ment was flown again, this time using live cells. An SSIP 
experiment in biofeedback training vyas conducted pnUhe 
astronauts. Six live rats were I'lown on the mission, in a new 
animal enclosu^ce mouule being ^light-tested for the first time. 
Dr. Thornton performed a series of biomedical experiments on 
himself and the other crew members?, continuing the work 
began by^^Dr. Thagard on STS-7 oh Space Adaptation Syn= 
drome sickness. ^ 




Spsce Shuttle Chaliahger cffmt>s into the darkened tky to begm the 
STSS mtsshh, the only night launch of the Space Shuttfe dur.ng the 
first three years, it also landed at night 

* Persons interested in obtaining these covers should write to: Shuttle 
Flight Folders Philotelic Sales Division, Washington, D.C 20265*9997. 



stS-9 Mission (STS 41-A Miwlon). The Orbiter Columbia 
gifted .off from Pad A, Launch Complex- 39, KSC, at 11:00 
a.m. EST on November 28, 1983, This was the first time six 
persons were launched into space on a single vehicle. The 
primary payload was Spacelab 1, a joint ESA/NASA venture 
that forms the major scientific investigatfon project associated 
with the Space Shuttle. A Spacelab rides in the cargo bay of an 
orbiter, and never flys free. This mission included two a.<;tro* 
nauts> of a new type^ Payload Specialists who had tr2inr:3 
specifically to perform experiments in the Spacelab and w re 
not NASA employees or career astronauts. Although some 
instruments were carried in the middeck area they were also 
part of Spacelab 1; this mission was entirely devotHd tor 
Spacelab. ^ . ^ . 

STS*9 verified the ability of Principal Investigators at the 
Payload Operations Control Center (recently installed 
Johnson Space Cente*^) to interact wiih astronauts in oruit 
on a "live'' basis, greatly enhancing exp'jrim'entation. This was 
also the first actual use of the high-capacity TDRS satellito 
to r^lsv to its ground station a very large volume of data. 
The Spacelab experiments produced far more data than 
eariier payioads. 

The six-ntan crew was divided into two teams for 24-hour 
continuous work. Young, Parker and Merbold (the latter the 
first £ii:opean to fly on a Space Shuttle) ;formed t\]e red team 
and Sha?-*, Garriott and Liciitenberg (the latter th^ first 
non-NASA American astronaut to fly' in*rpace) formed the 
bluD'team. The commander and pilot team members were 
usually stationed on the flight deck, while the 'Mission Special- 
ist and Payioad Specialist operated from inside the Spacelab. 
The work v»<;nt so well the mission was extended from nine 
to ten days, becoming the longest STS nission to date. 

Columbia landed at Edwards AFB on December 8, 1983, 
at 6:47 p.m. EST, after a delay of 7.5 hours caused by a 
malfunction of two of the Orbiter's general purpose computers 
and one inertial measurement unit. Several small fires were 
discovered in '^the taH section after landing, caused by' (eaks 
of hydrazine from the Auxiliary Power Units ipto the com- 
partment. The mission duration was 10 days, seven hours 
and 47 minutes. Columbia had completed 166 orbits, the 
largest number in STS history to date. 

Crew. The crew me nbers were John W. Young, Commander, 
Brewster H. Shaw, Pilot, Owen Garriott and Robert Parker, 
Mission Specialists,, and Ulf Merbold of West Germany and 
Bryon Lichtenberg of the Massachusetts Institute .of 
Technology, Payload Spenialists. 

Payload and Experiments. Spacelab is an orbital laboratory 
and observation platform composed of cylindrical , pressurised 
modules and U'Shaped unpressurized pallets. The Spacelab 
rema s physically insid the ocbiter cargo l^ay, but is exposed 
to space when the cargo bay doors are open. The Spacelab 
elements can be arranged in variQ.us combinations and are 
reusable, most designed to be refurbished and relaunched 
as many as 50 times, over a lifespan of ten years. 
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The first Spacelab vyas funded by the European SPjco 
Agency, as a major contribution to the STS Program. A 
second set of Spacelab components was purchased by NASA. 
Spacelab 1 utilized one each core and experiment inodules 
(combined and-pressurized) and one pallet. The core module 
contained 9 window/viewport and the experiment module 
a cylindrical scientific airlock, the latter some. three feet 
three inches in both length and diameter. 

Most Spacelab missions are expected to be devoted to a 
single scientific discipline (e.g. astronomy, ,Earth resources, 
materials processing, etc.), but Spacelab 1 was a proof-of- 
concept flight and performed experiments in several areas. . 
These included atmospheric and plasma physics, astronomy, 
solar physics, material sciences, technology, life sciences 
and Earth observations. The experiment payload was divided 
roughly in half .by weight between ESA andNASA. The astro- 
nauts performed numerous experiments m all areas. A very 
large amount of data was accumulated,, which is still being 
analyzed. The essential assumptions of the Spacelab operating 
program were all proven in practice. These were: using non- 
NASA astronauts trained only as Payload Specialists; a scien- 



tific command?, center on the ground to provide close 
collaboration with the astronauts in orbit; the ability of tORS 
to relfiy the data; and the ability of Spacelab to support 
complex experimentsJn all planned scientific areas. 




Mission SpecJatist Dr, Robert Parker hovers in space, wired for bio- 
medical experiments with sensors attached to his torso. Dr. Uff 
Merbold's body can be seen at the upper rights 
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Space Shuttle Mission Summary 
1984 

STS Missions 41 -B thru 51 -A 




A:^*roi(aut Dale A, Gardner flies his Manned Maneuvering^ Unit toward thespinning Westar VI satellite on theSTSShA mission, 
holding a capture device called a ''stinger'' in frontjof him. Westar VI became one of the first two satellites toM recovered in 
$pace,i nd returned to Earth for refurbishment and relaunching. 
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Space Shuttle Missiohs in Brief 1984 



MISSION 
. NAME 

STS41.B 



STS41.C 



STS41.D 



STS 51 -A 



ASTRONAUTS 



LAUNCH 
DATS 



Brand, Gibson, McCandless, 2/3/84 
McNair, Stewart 



Crippen, Scobee, 4/6/84 
van Hoften, Nelson, Hart 

N 

Hartsfield, Coats, Hawley, 8/30/84 
Resnik, Mullane, Waiker 



Crippen, McBride, Sullivan,' 10/5/84 
Ride; Leestma, GvirneaU, 
Scully-Power 



Hauck, Walker, Allen, 
Fisher, Gardner 



- 11/8/84 



ORBITER 

Challenger 

Challenger 
Discovery 



Challenger 



Discovery 



PRIMARY 
PAYLOAD 

Westar W 
Palapa B-2/ 
SPAS-01A 

Long 
Duration 
Exposure Facility 

SBS-D/ 
Telstar3-C/ 
SYNCOM IV-2 



ERBS/OSTA-3 



Anik D-2/ 
SYNCOM IV-1 



LAUNCH 
PAD 

39A 



39A 



39A 



39A 



39A 



RESULT 
S 

^ . S 



STS 41 -B Mission 



The Orbiter Challenger lifted off from Pad A, Launch 
Complex 39, KSC, at 8:00 a.m. EST on February 3,1984'. 
This: was the firsriaunch-of a Space Shuttle 'jnder the new. 
numbering system, where the first numeral stands for the 
, year, thq second, for th^.laiinch site (1 for KSC, 2 for Van- 
denberg), and the letter for the original order of assignment. 
The prirhary mission goal Was to deploy two commercial 
communications satellites, but 41-B also featured an ambi- 
tious set of experiments, these included the> first untethered 
flights of astronauts using the new Manned Maneuvering Unit 
(MMU); the second flight of the West German space platform 
named SPAS, which had flown on STS-7 ^and so became the 
first spacecraft to be refurbished and tlown on a second 
mission; the release of an inflated balloon, and twp days of 
orbiter rendezvous maneuvers with the balloon* as target; 
operations with the new Manipulator Foot Restraint that 
enables astronauts to use the Remqte Manipulator System 
(RMS) Canadarm as a mobile work platform; equipment 
with which to practice planned repairs on the Solar Maxi- 
nlum Mission satelllte^see the 41 -C mission); and a number 
of smaller mid'deck experiments and "Getaway Special" 
canister's in the cargo bay. 

At 7:17 a.m. EST on February 11^ 1984, Commander 
Vance Brand landed Cnallenger at the Kennedy Space 
Center, the first landing there in the Shuttle program, after a 
mission duration of 7 days, 23 hours and 17 minutes. 

Crew; The crew members were Vance D. Brand, Commander; 
Robert L. Gibson, Pilot; and Bruce McCandless II, Ronald E. 
McNalr, and Robert LT'Stewart, Mission Specialists. 

Payload and, Experiments. This mission had a large number 
of payload items. The Hughes^built HS-376 communications 



satellites for Western Unijjn and l^onesia-WESTAR^VI and 
PALAPA B-?-*^ach had a PAM stage attached. WESTAR VI 
was deployed about ei^ht hours after launch. Its PAM 
motor fired as programmed 45^<mifiutes later, but malfunc- 
tioned and .placed' the satellite in^aa orbit much lovyer-than 
the planned' geosynchronous transfer. The deployment of 
PALAPA B-2 was delayed -to Flight Day 4 because of this' 
failure^. It too malfunctioned when the PAW stage fired^ 
entering a very similar low orbit. (See STS 51 -A for recovery 
operations.) 



The 6.5-ft. rendezvous targeting balloon burst while 
being pressurized after its release ifrom .the cargo bay. It stUl 
formed a lar^ge enough target that rendezvous operations 
were successfully performed. These were to test the tech- 
niques planned for the next flight, when the Solar Maximum.- 
Mission satellite would be recovered and.refurbished <n orbit. 

On the fif\i day astronauts McCandless ^nd Stew^.^ 
performed spacrwalks end operated the MMU, becoming the 
first hunans to fly in space without a safety line. The free 
flights Nere performed without difficulty, .with McCandless 
going as far as 320 feot fronrj the o/biter. The astronauts 
also testtd the equipment to be usejd during the recovery, 
including a lOot restraint held at the end of the RMS Cana- . 
darm» Together ihc cwo provide an astronaut the equivalent' 
of a ride in a "cherry picker," a movable work station. 
During a second spacewalk on the seventh day McCandless 
and Stewart practiced Solar Max capture techniques, using 
the SPAS platform carried in the cargo bay as a substitute 
spacecraft. The flight plan called for SPAS to be eAtended on 
the end of the Canadarm for these practice captures, but it 
remained in the cargo bay throughout, due to an electrical 
problem with the Canadarm wrist. 

Also among the experiments v**- <? five, "Getaway Spec* 
'lal" canisters in the cargo bay, featuring experiment^ in 
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physics, bjology, technology, and matendls science. All were 
turned on as programmed oy the astronauts. In the pressur- 
ized middeck area were six live rats, being studied in an 
experiment on arthritis, a C«nema-360 camera used by the 
crew throughout the miSSion, another m the series of Mono- 
diSperse Latex Reactor experiments, ^another flight of the 
Continuous Flow Electrophoresis System (CFES)i some 
materials processing experiments; and other small items. The 
Ldtex Reactor and CFES equipment operated successfully, 
and the other experiments were performed as programmed 
and returned to Earth for later analysis. 




On the STS 4hB mission astronaut Bruce McCandless II 
tests a '^cherry-picker" work platform, consisting of a mobile 
foot restraint held and moved by the Remote Manipulator 
System Canada rm. With his feet firmly anchored and his 
tools handy on the vertical riser, McCandless can perform 
useful work anywnerc in the cargo bay or withm 50 ft of 
the orb/ten 



STS 41 'C Mission 



The Orbiler Challenger lifted off from Pad A, Launch 
Complex 39, KSC, at 8. 58 a.m. EST on April 6, 1984. This 
was the fifth flight for Challenger and the first use of a direct 
ascent trajectory, where the orbitui's mam engines carried it 
ail the way to as planned operational altitude of 288 miles. 
Th»s meant the Oibital Maneuvering System engmes only had 
to be used once, to circularize the orbit. 

The mibSion had two primary goals, the release into orbit 
of the reusable Long Duration Exposure Facility (LDEF), a 
new type of scientific satellite, and the repair >n orbit of the 
Solar Maximum Mission satellite. The latter was the first 
planned repair of an orbiting spatecrdft. Some of the equip 
ment n» ed^d foi this job iiad biien earned into space xjnd 
tested on the STS 4T B mission STS 41 C also earned a 
Shuttle Student Involvement Project experiment, a comb of 

honevbees, in the middeck area. The Cmema 360 camera 



flew again in the cargo bay, and the large film IMAX camera 
made its first trip in the crew compartment. 

T6 support the Solar Max rescue tffort the Payload 
Operations Control Center (POCC) at Godda.^d Space Flight 
Center had been enlarged and upgraded. The POCC worked 
closely v\'ith the astronaut crew during the repair operations. 

STS 41 C -was scheduled to land at the Kennedy Space 
Center, but bad weather in Florida forced a change to 
Edwards AFB. Challenger landed on Runway 17 on April 13, 
1984, at 8:38 a.m. EST,^afte- a mission duration of six days, ^ 
23'hours and 40 minutes. 

Crev,. The crew members were Robert L. Crippen, Comman- 
der; Francis R. Scobee, Pilot; and James D. van f-lcflen, 
Terry J. .Hart and George D. Nelson, Mission Specialists.^ 

Payload and Experiments. The LDEF i^ a 1 2 sided cylinder 
some 14 feet in diameter land 30 feet long. It weighs about 
21,300 pounds. The body consists primarily of some 86 
removable" trays, into which experiments are mounted. There 
were 57 experiments, contributed by 200 researchers in eight 
countries, on this first flight, some occupied more than one 
tray. Each had to be self-contained and automatic in opera< 
tion after being activated by the release, from the orbiter. 
Most were passive in character, with no moving parts. One, 
the SEEDS experiment, required exposing some 12 million 
toTnato seeds to the space environment for most of a year. 

The LDEF was grappled by the Canadarm and released 
into orbit on the morning of the second^ day. It will be 
recovered during 1985 and t(ie seeds and other expsriments 
returned to their owners. The scientists wilj determine their 
individual experiment results. The 12' million tomato seeds 
will be distriti^uted to approximately one million <;chool- 
children, who will be asked to plant them and some regular 
seeds and report on the differences fn growth rates and 
mature pknts, if any. 




The Remote Manipulator System Canadarm suspends the 
huge Long uuration Exposure Facility high above the Gulf 
of Mexico prior to releasing it into orbit during the STS 
4hC mission. This was the first set of, experiments designed 
to be left m space for a year and then be returned to the 
Earth for examination and analysis. 



The rendezvous with the Solar Max satellite required 
raising Challenger's orbit to about 300 miles altitude. On the 
morning of the third day Ch^^llenger approached within 
about 200 feet of Solar Max and "parked*' there. Astronauts 
Nelson and van Hoften donned spacesuits and exited into 
the cargo bay. Nelson got into the MMU. The capture tool, 
called the Trunnion Pin Acquisition Device (TPAD), was 
fixed to the arms of the MMU. Nelson flew out ^ Jar Max 
and attempted to clamp the TRAD on a protruding pin. but 
it failed to lock. After two more efforts that also failed to 
lock, Nelson was recalled to the brbiter. 

The docking attempts had induced tumbling motions in 
Solar Max, and efforts to grapple it directly with the Cantf- 
darm failed because of these. But overnight the POCC at 
Goddurd managed to, reestablish control over Solar Max, 
using its. backup systehi of magnetic torquing &ars to stabilize 
the satellite and place it in a very slow, regular spin. Next 
•morning Challenger^ which had moved/away ^ before the 
crew's sleep perfod, again approached and tried thTcana- 
darm. This time thpy captured Solar Max on the first try, and 
brought it into the cargo bay. 

Solar Max was locked into a special cradle Challenger 
had brought for that purpose, and repairs began. Nelson and 
van Hoften, working in their bulky spacesuits, replaced the 
spacecraft's faulty Attitude Control Module and a main 
electronics box for the Coronograph Polarimeter instrument. 
This required two separate spac6vyalks, but the work was 
completed on the second one withnime left for van Hoften 
to perform some engineering tests of the MMU in the cargo 
bay. 

Solar Max was released into orbit next day, checked out 
for 30 days by the POCC, and began measuring the Sun's 
total energy output. The savings resulting from repairing this 
scientific satellite, as opposed to buiying and launching a 
new One, amount to many millions of dollars. 

The honeybees, after an initial period of disorientation 
in the weightlessness of space, began building ^ new honey- 
corrib as expected. The cells were crooked at first, but the 
bees soon corrected this and the later cells were virtually 
Identical to those built on Earth. The CineVtia 360 anciJMAX 
cameras were operated throughout the mission, returning 
valuable footage. IMAX film from this and later missions will 
be combined into movies designed for a 50 X 70 foot screen. 
The huge screen and large film provide extremely fine detail 
and Outstanding clarity. 



STS 41 -D Mission 



The Orbiter Discovery lifted off from Pad A, Launch 
Complex 39, KSC, at 8:41 a.m. EDT on August 30, 1984. 
The launch was delayed six minutes by an aircraft intruding 
into the "danger" area over the Atlantic Ocean off the 
coast. This was the first launch of Discovery, third space- 
worthy orbiter in the STS fleet and the lightest one to date. 
A launch attempt, on August 29 failed due to a problem with 
the computer software for the main engine controllers. Prior 



to that Discovery had experienced the first aborfafter- 
ignition in the Space Shuttle program, when an earlier launch 
attempt on June 26, 1984, was scrubbe'^ .by the on-board 
computers four seconds before SRB ignition. Engine No. 3 
had lost redundant control over a main fuel valve immedi- 
ately after ignition. Engine No. 2- had barely ignited, and 
Engine No. 1 had not, when the shutdown occurred. 

Prior to the first launch attempt the main engines of 
Orbiter Discovary were test-fired on tf^e pad for a 20 second 
run on June 2, 1984. The performance was nominal, leading 
to a planned launch date of June 22. This was later chanped 
to June 25. The launch attempt on that date was scrubbed, 
late in the countdown, due to a failure in the backup General 
Purpose onboard computer. It w:-? changed out and the 
substitute computer perforrr-^d well during the aborted 
'launch attempt next day. ' f 

After ^he Igunch^ abort the 41-D missidn^was remani- 
fested to include the most important payicad item« from 
both the originally planned cargo end that intended for 
41-F, which was then cancelled. (Mission. 41-E had already 
been cancelled.) This required returning the Space Shuttle , 
to the VAB for disassembly and then the orbiter to i . OPF 
for "cargo bay reconfiguration. The main engine which had 
failed was also replaced. 

Once in orbit Discovery experienced np-fi^rther prob- 
lems and the crew successfully performed all planned work. 
They deployed three large communications satellites, ex- 
tended and tested'tHS OAST-1 solar<<}ell wing, operated the 
QFES. system, ;took extensive footage with, the several cam- 
eras aboard, and used the Canadarm to dislodge a block of 
ice that appeared around a 'water outlet opening. 




On the STS 41 -D mission engineer Charies D. Walker, a 
McDonnell Douglas employee, became the. first represen- 
tative from industry ,to train as a payload ^specialists and 
operate his company's equipment onboard the Space Shuttle. 



motor boosted the spacecraft into an elliptical orbit with 
an apogee of about 9,500 miles. A series of firings at perigee 
by two small liquid.- hydrazine-nitrogen tctroxide engines 
raised the apogee to the geosynchronous altitude oi 22,300 
miles, and further firings circularized the orbit over the 
equator. The two HS 376 spacecraft used small on*board 
solid rocket motors, firing at apogee, to accomplish his 
equatorial placerrent and orbital circularization. The owners/ 
operators of the three spactjcraft then began checkou* 
operations. 

Smaller payloads included the OAST-1 solar wing, 
which IS 13 ft wide and extends to a height of 102 ft in 
space, but folds into a package only seven inches deep in 
its container. It featured small samples of several types of 
solar cells, which^ occupied only a fraction of the total 
space available. The wing was extended and refolded several 
times, as planned, and the o^biter's vernier engines were 
fired with the wing extended to determine the amount of 
movement and vibration under stress. 

Payload Specialist Charles Walker operated the CFES in 
the middeck to produce a proprietary pharmaceutical prod- 
uct for McDonnell Douglas. Walker experienced some me- 
chanical problems, but solved them and accomplished 
almost all of his planned work. 

A Shuttle Student Involvement PrjDject (SSIP) experi- 
ment on crystal growth m zero gravity was conducted. 
Footage using the IMAX laree film camera system was 
obtained throughout the mission. Other camera systems 
stowed in the middeck were used to photograph clouds in 
the atmosphere and strips of various spvjcecraft materials 
attached to the Canadarm. 



At 9-37 a.m EDT on September 5, 1984, Commander 
Henry Hartsfield landed Discovery on Runway 17 at Edwards 
ARB, after a mission duration of 6 days and 56 minutes. 

Crew. The crew members were Henry W. Hartsfield, Jr., 
Commander; Michael L. Coats, Pilot; Judith A. R^snik, 
Steven A. Hawley and Richard M. Mullane, M:ssion Special* 
ists; and Charles D. Walker, Pay!oad<:Specialist. Walker, a 
McDonnell Douglas employee, became the first commercial 
Payload Specialist assigned by NASA to ^ Space Shuttle 
flight crew. 




The SYNCOM tV'2 spacecraft, a/so called Leasat 2, spins 
slowly away from the orbiter atter being deployed during 
the STS 4 I'D missfon. This was the second of three success- 
ful deployments of commercial commufjications satellites 
for 41 D, and the first uy-ng a stde-spmntng "fnsbee ' de- 
ployment system. 

Payload and Experiments. The combined catgo of most 
major items from two pr*oi planned missions weighed mori; 
than 47,000 pounds, : heaviest Space Shuttle payload t^ 
date T^ s mcluded communications satellites and then 
perigee motors Two of these, SBS D and Telstar 3 C, weru 
Hughes HS 376 spacecraft with PAM D motors attdched. 
The third was SYNCOM IV 2, also known as LEASAT 2, 
a larger spacecraft bu It by Hugh-s that wa. specifically 
designed to be deployed from th^ Space Shuttle. 

SBS'D was deployed about eight hours into the mission, 
SYNCOM IV 2 on the second day, and Telstar 3 C on thu 
th.rd day The satel'itc owners/operatofs assumed contiol 
and responsibjilty once the spacecraft were clear of thu 
o^biter Both PAM D motor, fired properly andcamei then 
spacecraft into the planned goesynchronous transfer orbits. 
SYNCOM IV-2. wh ch had u Mmuteman Missile third stage as 
a solid propelfant perigee motor, had a gross weight of 
17,049 pounds When f^red by automatic- sequence this 



STS 41 -G Mission 



The Orbiter Challenger lifted off from Pad A, Launch 
Complex 39, KSC, at 7:03 a.m. EDT on October 5, 1984. 
This was the sixth launch for the Challenger, and the thir- 
teenth flight of the Space Shuttle. This mission included 
several firsts, among them the first flight with seven crew 
members, the first to fly two female astronauts (Ride and 
Sullivan), 1irst flight by a Canadian astronaut (Garneau), 
fitst spacewalk by an Amencan woman (Sullivan), first 
.♦stronaut to fly e fourth Space Shuttle mission (Crippen), 
<»nd thu first demonstration of a refueling-in*0'bt* technique 
to illustrate how the useful life of some orbiting satellites 
can be greatly extended. One spacecraft, the Earth Radiation 
Budget Satellite (ERBS), was deployed on this scientifically 
oriented, primarily NASA mission. 

Challenger landed at the Kennedy Space Center, with 
Comrnandur Crippen at the controls. This was the second 
landing at the launch sitt m the STS program. The time was 
12.26 p.m. EDT on October 13, after a mission duration of 
eight days, five hours and 23 minutes. 

Crew. Thu crew members were Robert L. Crippen, Com- 
mander, Jon A. McBride, Pilot, Kathryn D. Sullivan, Sally 



K. Ride and David C. Leestma, Mission Specialists; and 
Paul Scully-Power and Marc Garneau, Payioad Specialists. 

Payload and Experiments. The first major task in orb»t w^s 
deploying the ERBS. The effort began less thgn nine hours 
into the mission, when the spacecraft was lifted out of the 
cargo bay by the Canadarm. The ERBS solar panels did not 
unfold properly, a problem assumed to be due to the cold. 
The crew held the ERBS in sunlight for^everal minutes, and 
the panels finally unfolded. It was then released by the 
Canadarm. ERBS later used its on-board thrusters to raise 
its orbit to the operational altitude of around 350 miles. 

The second major activity was the activation of the 
Shuttle Imaging Radar-B (SIR-B) portion of the OSTA-3 
package of experiments. Ihe r ,dar worked well, but a 
failure in the ability of the orbiter's Ku-band antenna left it 
unable to track. The crew had to lock this antenna in place, 
then maneuver the entir^ orbiter to keep the antennp pointed 
at the Tracking atid Oata Relay 'Satellite (TDRS). This 
required storing all SIR-B data on tape, eliminating "live" 
transmissions, and taking far more operating time. The 
quality of the radar images obtained was outstanding, but the 
antenna problem kept data acquisition to about 20% of vvhat 
had been planned After several days and the completion of 
SIR-B operations, its antenna refused to fold. up on com- 
mand. It had to be nudged closed with the Canadarm, a 
delicate operation that was completed without difficulty. 




Astronaut Kathryn D. Sullivan checks the latch of the 
SIfi'B antenna in the Challenger's open cargo bay during 
her historic extravehicular activity on October 11, 984. 
The primarily scientific mission of $TS 4hG vvas to deploy 
an Earth Radiation Budget Satellite and perform a series 
of Earth observation experiments. 

The problems with the SIR B delayed the planned space- 
walks of Leestma and Sullivan by two days. Then, during 
31/2 hours in the cargo bay, they connected the com- 
ponents of the Orbital Refueling System |ORS), which was 
later operated sevei ^1 times. This demonstrated that it is 
possible and practical to refuel satelliios in orbit, including 
some spacecraft not originally designed to have their useful 
lives extended. 
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A series of Canadian experiments (CANEX), performed 
in the varied fields of. medical, atrpospheric, climatic, mate- 
rials and robotic sciences, were performed by Canadian 
payload specialist Garneau. The second payload specialist, 
Scully-Power, v/orkinfl for the Naval Research Laboratory, 
performed a series of important observations in ocean* 
ography. The astronauts also performed three more OSTA-3 
experi/nents, taking detailed photographs of the Earth using 
the Large Format Ca^nera (LFC), operating the Measurement 
of Air Pollution (MAPS) aerial camera, and the two television 
and two Hasselblad cameras in the Feature Identification and 
Location (F^LF;) experiment. The latter was also operated 
at times by ground command. The astro.nauts turned on the 
several experiments in the "Getaway Special" canisters in 
the cargo bay when required. 

In the orbiter cabin the crew operated the IMAX large- 
film camera for the third time, completing -the planned in* 
I space footage for the IMAX film 'The Dream is lAlive." 
They also operated the Radiation Monitoring Equipment and 
performed a Thermoluminescent Dosimeter experiment to 
measure cosmic radiation doses during space.flight. "^tie latter 
was developed by the Central Research Instituje f/>r fjhysics 
in Budapest, Hungary. 

The ERBS is tr.^ first of three planned sets of orbiting 
instruments in the Earth rtadiation Budget Experiment. Two 
more sets will fly on NOAA weather satellites later. ERBS 
weighs 5,087 pounds and has three major instruments. It 
was builf'by Ball Aerospace. ERBS, when deployed, is 15 ff 
wide, 12.5 ft high and .5.2 ft l^ng. The overall goal of the 
^program is to measure the amount of energy received from- 
the Sun and reradiated into space, and the seasonal move- 
ment of energy from the t/opics to the poles. 

The OSTA-3 components consisted of the SIR-B, the 
LFC, the MAPS, and the FILE. The SIR-A instrument on^ 
STS-2 achieved spectacular results. The improved SIR-B has 
an antenna consistinq of a 35-by-7 ft array of eight panels. 
(SIR-A had seven panels.) The new antenna also tilts from 15 
to 60 degrees, allowing the viewing of targets from several . 
angles during successive orbita passes. The LFC, making its 
first flight, has a unique lens that combines high resolution 
and a wide field of view for p^ecise stereo photography, ft 
can resolve objects as small as 70 ft long, the length of a 
normal house. A single frame can photograph an area larger 
than the state of Massachusetts. The MAPS instrument 
measures the distribution of industrial wastes, such as carbon 
monoxide, in the troposher'd over the entire globe. It con- 
sists of an aerial camera and supporting equipment. FILE 
is designed to help develop equipment which will make 
remote sensing instruiTients more efficient. It has two special- 
ized television carperas, two Hasselblad 70mm cameras, 
and supporting equioment. 
• 

The Canadian experiment set (CANEX) consists of 
medical, atmospheric, materials science and robotics experi- 
ments, largely performed by Garneau, with himself as the 
primary medical subje?t. 

The ORS experiment required space-suited astronauts 
working in the cargo bay to attach a hydrazine servicing tool, 
already connected to a portable fuel tank, to a simulated 
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satellite panel. After leak checks the astronauts returned 
to the orbiter cabin and the actual movement of hydrazme 
fronn tank to tank was controlled from the flight deck. 

The "Getaway Special" experiments covered wide 
variety of work in materials testing and physics. 



STS 51 -A Mission 



The Orbiter Discovery lifted off from Fad A, Launch 
Connplex 39, KSC, at 7:15 a.m. EST on November Bi 1984. 
this was the second launch of Discovery, and the four- 
teenth launch of the Space Shuttle vehicle. The launch had 
been delayed one day t/ high-altitude "shear v\»inds/' a first 
in the Shuttle program. 

STS 51*A had two primary objectives, to deploy the 
Anik D2 and SYNCOM IV-1 (LEASAT 1) communications 
spacecraft, and recover and return to Earth the two satellites 
placed in improper orbits by faulty perigee motors on STS 
41-B. This recovery was the third and fast segment of a 
three*part effort to demonstrate a new capability in the spac^ 
program, the repair and/or recovery of malfunctioning sat- 
ellites. The first segment was the repair in orbit of the Solar 
Maximum Mission satellite on STS 41'C, awd the second was 
a demonstration of the ability to refuel satellites In orbit 
performed on STS 41-G. ^ 

Commander Hauck landed Discovery at the Kennedy 
Space Center on November 16, at 7:00 a.m. EST, after a 
nission duration o) seven days, 23 hours and 45 minutes. 

Crew. The crew members were Frederick H. Hauck, Com- 
mander; David M. Walker, Pilot; and Joseph P. Allen, Anna 
L. Fisher and Dale A. Gardner, Mission Specialists. It was 
the first space mission for Walker and Fisher. 

Paytoad and Experiments. The Anik 02 was deployed on the 
second day of the mission, and SYNCOM 1 on the third 
day. The orbiter then began a long series of burns needec to 
rendezvous with the first of the two satellites to be recovered, 
PALAPA B 2. Both had been lowered from their original 
altitudes of over 600 miles to about 210 miles to facilitate 
lecovery. PALAPA B 2 was recovered on the fifth day, and 
WESTAR VI on the sixth. The usual radiation monitoring 
experiment was performed in the crew areas, and one major 
experiment, the Diffusive Mixing of Organic Solutions 
(DMOS), the first of over 70 organic and polymer science 
experiments be.ng conducted by 3M^ was successfully 
completed. 

The ANIK D2 spacecraft, built by Spar Aerospace of 
Canada, wilh Hu^nes Aire aft as a major subcontractor, is 
very similar to the Hughes HS 376 series of communications 
satellites. It utilizes the PAM D motor as a perigee stage. The 
SYNCOM IV 'i ;s a twin to SYNCOM IV 2, launched earlier 
on the STS 41 D mission. Each spacecraft perigee motor 
iUed on time about 45 minutes after deployment, and both 
spacecraft entered the planned elliptical geosynchronous 
transfer orbits. A tatei fihng of the on board solid propellant 
apogee motor on ANIK D 2 circularized its orbit over the 



equator The Minutiman til third stage utilized by SYNCOM 
IV-2 as a perif^e, motor carried it about halfway to altitude 
as planned, after which a series of firings by its hydrazir.'e- 
nitrogt:n tetroxide thrusters raised it to the geosyrxhronous 
altitude of 22,300 miles and circularized its orbit ever the 
equator. Both entered checkout procedures by Hughes' and/ 
or the owners in preparation for active service. 
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Astronaut Dale .4. Gardner lePt, holds a *'for sale** sign to 
indicate he and astronaut Joseph P. Allen have fust success- 
fully captured and anchored the errant WESTAR VI satellite. 
Allen is nding the Mobile Foot Restraint held by the Csnad- 
arm, operated by Anna Fisher from inside the orbiter. 



The second major mission objective was the recovery of 
the PALAPA B 2 and WESTAR VI satellites. Two empty 
cradles similar to or identical with those from which the two 
satellites had originclly been deployed were part of the STS 
51 A cargo. After renoezvous was achieved with PALAPA 
B 2 on the fifth day, Allen and Gardner went EVA to cap> 
ture the satellite. A device called a "Stinger" was inserted 
ii^to the apogeR motor nozzle by Allen, locking the satellite 
to his MMU. The MMU Jets then stopped the one rr>m rela- 
tion. After Allen disengaged himself and left the Stinger' in 
place. Fisher operated the Canadarm to grasp the satellite by 
a special attachment on the Stinger and bring it into the 
cargo bay. The omni antenna was remo^eo dnd Gardner 
attempted to install a bridge structure across the top of the 
satellite, one with a special attach fitting that would have 
made it possible for Fisner to grasp it with the Canadarm. 
The bridge structure did not fit, making it impossible to use 
the Canadarm, and Allpn had to manually steady the space 
craft for two hours while Gardner prepared it for berthing. 
It was Eventually pulled down into its cradle largely by 



muscle power. The two astronauts, wu. m xiw micro 
gravity of orbit, managed to move the mu.> of the satellite 
as necessary to dock and cure it in ix^ cradly. 

The VVESTAR VI satellite was m un orbit very close to 
that of PALAPA B 2. but about 700 miles ahead After one 
morf day of maneuvering Discover/ caught up with it. 
and Allen and Gardner exchanged work assignments and 
captured it also This time they did not attempt to uie the 



bridge, but followed the same muscle powered procedures 
that had worked fc- PALAPA B 2. 



T^^ astronauts in tht crew compjrtment operated the 
DMOi* equipment in the mid deck during the mis. i. The 
chemical mixes that resulted were turned over t 3M for 
analysis The radiation monitoring which is d standard 
feature of STS flights W3s performed as usual 




Astronaut Joseph P AUen ndes the Canadarm ^cherry picker^ attachment while suspended horizontally above the cargo bay 
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NASA's Wind Tunnels 




Giant vanes help the airilm around a corner in this, transonic wind tunnel at NASA s Ldngtey Research Center 
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How Wind Tunnels V\fork 

Wind tunnels are machines for "flying" airaaft on the ground. 
Wind tunnels are lubeWke structures or passages in which 
wind is produced, usually by a large fan, to flow over objects 
such as aircraft, engines, wings, rockets or models of these 
objects. A stationary object is placed in the test section of a 
tunnel and connectedto instojments that measure and re- 
cord airflow around the object and the aerodynamic forces 
that act upon it From information gathered in these observa- 
tions, engineers can determine the behavior of an aircraa or 
its components at takeoff, while cojising, and during descent 
and landing. 

Wind tunnels also help engineers determine the performance 
of. and eliminate "bugs" in, new designs of civil and military 
aircraft v;*lhout risk to a pilot or costly aircraft. Responses to 
flight conditions of new materials and shapes for wings, 
ailerons, tails, fuselages, landing gear, povyer systems and 
engine cowlings can be assessed before these designs are 
incorporated into aircraft. 

Today, no aircraft, spacecraft or space launch or reentry 
vehicle Is built or committed to flight until after its design 
and compor>ents have been thoroughly tested in wind tun- 
nels Every modern aircraft and space rocket has made its 
maiden flight in a wind tunnel. Wind tunnels have been among 
the key tools which have made Amencan aircraft and aero- 
nautical equipment the most desired and most widely used in 
theworid. 

The National Aeronautics and Space Administration maintains 
the largest number and variety of wind tunnels ever operated 
by any single agelncy or company. NASA's 42 major wino 
tunnels vary in size from those large enough to test a full-sized 
airplane to those with a test section only a few inches square 
where models as small as a match are tested. 

Types of Wind Tunnels 

According to NASA's v iicial "Aeronautical Facilities Cata- 
logue." which lists prime installations, 23 major wind tunnels 
are at [\)e Langley Research Center in Hampton, Virginia, and 
12 are at the Ames Research Center in Mountain View, 
Califorhia Six others are at the Lewis Research Center in 
Cleveland, Ohio, and one is at the Marshall Space Right 
Center in Huntsville, Alabama. 

Some of these tunnels are designed for the study of wing and 
fuselage shapes. Other wind tunnels are devoted either to 
testing propulsion systems or are designed for tests at vanous 
speeds. Airflow in a wnd tunnel is produced and uxiditioned 
in several ways to simulate flight at the speeds, altitudes and 
temperatures that would be encountered by particular kinds 
of aircraft The speed of air flowing through a tunnel is usually 
expressed in terms of the speed of sound (760 mp^l sea 
level) The rat»o betv^n the speed of air flow and the speed 
of sound is called a Mach humbe;. .1 Mach 2, for example, 
the speed of a vehicle Is twice the speed of sound, or 1,520 
mphat sea level. 

Some tunnels specialize in accelerating air only to subsonic 
speeds which are slower than the speed of sound. Others 
reach transonic air speeds (slightly below, through and aliove 
the speed of sound), supersonic speeds (much faster than 
sound), and hypersonic speeds (more than five times the 
speed of sound). 

High wind speeds are needed for testing proposed compo- 
nents for advanced research aircraft, such as the envisioned 
U.S. National Aero-Space Plane. This experimental aircraft 
which is expected to make its first test flights in the mid-19903, 
may lead to an ajrplane-like orbital launch vehicle. It may also 



lead to passenger vehicles able to fly through the highest 
rec'^.he^ of the Earth's atmosphere and take pacsehgers 
anywhere on Earth in 4 hours or less. 

Some of NASA's \\in6 tunnels are equipped v/ith lasers for a 
technique called laser doppler velocimetry. This is one of 
several new non-intojsive techniques v\^ich make possible 
precise determination of velocities with light beams. The light 
beams do not interfere with the airflow, as happens with 
meiasuring instruments that require a physical presence m the 
test chamber. 

A Brief History 

Like aircraft, wind tunnels have come a long way in their tech- 
nojogical developmeniJheirsophi3ticatioahas.kept pace 
with Ihe needs of designers. The first majof US. Govemment 
wind tunnel was built at NASA's Langley Research Center 
and became operational in 1921. The Center was the first 
major research facility of the U.S. National Advisory Com- 
mittee for Aeronautics (NACA), which was founded in 1915. 
NACA later became a part of NASA when i1 was established 
on October 1 , 1958, to carry out space^esearch and explora- 
tion and to continue NACA's aeronautical work. 




The first major US. wind tunnel was built at NASA 's Langley 
Research Center, Hampton, Virginia, in 1920. 

Late in the last century, however, the first wind tunnels were 
little more than boxes or pipes. A fan or other device propelled 
" air over a model of an aircraft or of a wing suspended in the 
pipe or box Observation instmments v^re crude.The re- 
searchers had to gather many of ;he test results with t.heir own 
eyes The Wiight brothers designed and used such primitive 
funnels to develop the wing configurations and control sur- 
faces with which they achieved the first powered human flight . 
early in this century: 

Early theorists became aware that ai. aucra(l*s shape, con- 
stajction, and materials significantly influence its ability to 
climb and cairy loads. Researchers discovered that subtle 
variations in the shape of wings and of the contours of other 
surfaces can cause dramatic changes in air resistance. This 
affects speed, fuel economy and other fliglit charaderistlcs. 
such as rtianeuverability and load capacity 

Early researchers also discovered that tests with scale mod- 
els often did not match the expenehce of flight wth a full- 
scale aircraft. The researchers found that one way to bnng 
research results closerjo flight experience wjh a one-fifth 
scale model, for instance, was to test the model under a pres- 
sure of five atmospheres. The resea, irs recommended 
testing email-scale models at very high pressures to properly 
Simulate full-scale flight conditions. 

In vwnd tunnels at NASA's Ames and Langley Research 
Centers, cmcial reentry tests were performed in the 1970s 
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with the U S Space Shuttle These tests simulated the severe 
heating from atmospheric inction that the space transpurta- 
tion system later had to withstand durmg its flights in the 
1980s Stmuiations also have been conducted to study the 
entry problems expected to be encountered by unmanned 
planetary craft intended for passage through the extreme 
temperatures and unusual atmosphenc gases of Venus. 
Jupiter and other solar system bodies 




Sca/e rpodelof the Shuttle Orbiter inside the 40 by 80-foot 
test section ofB wnd tunnel at NASA's Ames Research 
Center Instrumented supports provide data on the modefs 
aerodynamic characteristics 



Todays aircraft are larger, cruise faster and higher, carry more 
passengers and cargo and use less fuel per mile than most 
of their predecessors Aircraft now being developed are ex- 
pected to show significant improvements in all of these per- 
fornnance charactenstics. 

Current Wind Tunnels 

The v^rld s first high-pressure tunnel, the Vanab e Density- • 
Tunnel, began operations at Langley Research Center in 
March 1923 That tunnels importance was emphasized again 
in 1986. when it was designated as a National Historic Land- 
mark by the US Department of the Interior 

Through the years, tects carried out jn this tunnel achieved 
technological quantum leaps One of its most famous contn- 
butions was research tha! culminated in a document which 
became globally known among aeronautical engineers and 
designers as Technical Report 460. 

That report provided data on lift and drag for 78 different 
si .apes of wings and other airfoils These data eventually 
found the ir way into designs of some of history s most suc- 
cessful aircraft, including the DC-3 transports and the B-17 
Flying Fortresses-of World War II. These early experiments 
were among numerous landmark accomplishments which 
have made the Langley Research Center an almost legend- 
ary institution in aircraft development Langley is also the site 
^ of the world's first transonic wind tunnel 
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This wnd tunnel ^htch has a 1- by '0-Toot test section, is one 
of 23 major wnd tunnels at NASA s Langley Research Center, 
Hampton, Virginia, 



One of Langley Research Center s most aovanced facilities is 
the National Transonic Facility iNTF>. which completed its first 
year of operation in 1984. In the Ntf super cold liquid nitrogen 
IS injected, which evaporates into gas that is accelerated 
through the tunnel's test section at speeds up to 1.2 times the 
speed of sound. The low temperatures increase the density 
and decrease the viscosity of the atmosphere and. thus, simu- 
late with great accuracy full-scale flight conditions at tran- 
sonic speeds. 

A wind tunnel is often identified by the size of its test section, 
as opposed to overall size of the tunnel. Test sections are the 
chambers in v;hich aircraft models or other objects are tested 
In a 13-mch research tunnel at Langley Research Center. 
,expenments are.underway using "magnetic suspension." - 
Models are held in position with powerful magnets to eliminate 
the need for physical mounting mechanisms which interfeie 
with the airflow or alter the model's geometry. 

NASA's Levyis Research Center is knowr* for its studies and 
innovations in aircraft propulsion systems. One of its wind 
tunnels, built in tne 1950s, has a 10- by 10-foot test section in 
which aircraft models can be examined while their engines 
are running. In such tests, new air is continuously drawn into 
the tunnel and is then expelled after passing through the 
tunnel only once. The tunnel can also be operated in a mode 
like most other wind tunnels which circulate the same air 
repeatedly through their loops In this way. a tunnel can better 
maintain high atmospheric pressure, desired temperatures or 
moisture content in its test section 

The 8- by 6-foot propulsion research tunnel at Lewis can 
push 150.000 pounds of air every minute across the test 
section at up to twice the speed of sound In 1968. a 9- by 15- 
foot subson-c test section was added to that tunne' for 
research on surfaces and power plants of V/STOL (vertical 
and short-takeoff-and-landing) aircraft 




This supersonic wnd tunnel at NASA s /.ew/s Research 
Center can push 150,000 pounds of air each minute at /w/ce 
the speed of sound past models m its 8- by6'toot test section 
located in the dome » the center of this photo. 



<3 



The Lewis Research Center s 6- by 9- by 20-toot Icing Re- 
search Tunnel, built in 1944. is the world s largest refrigerated 
tunnel for year-round use for examining protection systems 
against hazardous ice formations on wings, air inlets, rotors 
and V/STOL aircraft. 




^ ice on vv/'jgs and other aircraft sariac as has been a major ' 
cause of accidents The<^e stationary blades help control 
airflav inside the long Research Tunne* at NASA s Lem 
Research Center Engineers reproduce moisture and 
temperatuies 'eserr/^;//r?y hd^- nduub dtmobphertc conditions 
to study ;v3/5 tupre\/enttct foimation 

ThPfargesf //.nr* • ^n,.} ,n thr free .vorfd is at fvlASAs Ames 
Rf^search Cr-nK r This subson.c (unnd /^hich can test planes 
wtth wing spar-s of to iQO feel is over 1 400 feet lung ar^d 
180 feet high i| has two lest sections one 80 feel high and 
120 feet v;{de the other 40 (eel htgb and 80 feel wide Air 
driyen through these test sections by six 15-bladed fans lach 
fan has a diameter equal lo the height of a four-story building 
The fans are powered by six 22.500-horsepower motors 




The free world's largest vmd tunnel fs housed m this huge 
multHoofed building ^t the NASA Ames Research Center 
Mountain V'e y California One of the tunnel's air intakes is in 
the frame-like structure (at far right) The pipo-fike structures 
(la//& left^ are two smaller wind tunnels 




Diagrams depict the wind tunnel sftown in the lower left photr. 
Cutaways in uppe' diagram sftow airplanes or models being 
teste<;i and the fans which provide the airflow. 3lack arrows in 
ihe smaller diagram shew circular airflow for the (upper) 40- by 
80-hot tesfchamber White arrows depict the one-way airflow 
from the horn through the 80- by 12Q'foot test chamber and 
to outside. 

The Ames and Langley Research Centers each have a 
Unitary Plan Facility The Ames facility opened in 1956. with 
three test sections— a transonic section that is 11 feet wide 
and 11 feet high, and two subsonic sections that measure 9 
feet by 7 and 8 feet by 7 feet In these sections the air can be 
adjusted to Simulate flying conditions at various altitudes 

Someth ng new is being attempted.at the Ames Center with a 
35 year old. "2- by 2-foor wind tunnel which is being modern- 
ized with the ir spallation of computer-controlled walls. These 
'//alls automatically .-^dd or expel air from the tunnel ducts This 
lessens interference on ihe airflow by the walls Thus, this 
wind tunnel can more realistically simulate conditions of an 
aircraft in the open, wall-free natural flight environment. 
Similar advantages are being pursued at the Lewis and 
Langley Centers, where engineers are experimenting with 
various kinds of "adaptive walls" or "smart walls" These 
expand and conlract in ingenious ways to vrtually remove the 
distorting effects walls can have on a tunnei s airflow Such 
adaptive walls are among the newest innovations in wind 
tunnel technology, 

George C Marshall Space Flight Center's 14- by 14-inch 
Trisonic Wind Facility got its name because it can conduct 
tests m thre':* speed regimes from subsonic through transonic 
to supersonic, from Vs to 2V? times the speed of sound. Simi- 
'-^rly the Cenjer's High Reynolds Number Wind Tunnel can 
produce wind speeds ranging from \ to 3>> times the speed 
of sound in simulations that give results very closely resem- 
bling those of actual flight experience. 

The Department of Defense operates several major wind 
tunnels, as do some U.S. industries and universities. Nations 
which have major wind tunnels listed in NASA's "Aeronautical 
Facilities Catalogue" include the United Kingdom. 27. France. 
18; Japan. 16. West Germany. 11 . the Netherlands. 4. and 
Canada. 5. Unknown publicly is the number and kinds of wind 
tunnels in the Soviet Union, in other Fast European countries, 
or m the People's Republic of China. 

NASA's wind tunnels are a national technological resource. 
They have provided vast knowledge ihat has contributed to 
the development and advancement of Ihe nation's aviation 
industry, space program, economy and the national security 
Amid today's increasingly fierce international, commercial, 
and technological competition. NASA's w.nd tunnels are 
crucial tools for helping the United Statesrretain its global 
leadership in aviation and space flight. 
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